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1. Introduction 


The overall objective of this test program was to demonstrate and evaluate the capability of 
the Rich-bum/Quick-mix/Lean-bum (RQL) combustor concept for HSR applications. This test 
program was in support of the Pratt & Whitney and GE Aircraft Engines HSR low-NO x Combus- 
tor Program. Collaborative programs with Parker Hannifin Corporation and Textron Fuel Systems 
resulted in the development and testing of the high-flow low-NO x rich-bum zone fuel-to-air ratio 
research fuel nozzles used in this test program. 

The specific objectives of this test program were to: 

1) Demonstrate the capability of the RQL staged combustor to reach the program goal of low 
NO x emissions at supersonic cruise conditions. 

2) Obtain test data to help validate and develop analytical models that may be used to design 
improved low emissions combustors (Staff, Lewis News, 1991). 

2. Test Combustor 

The test rig was mounted in stand 1 of the CE-5B test facility in the Engine Research Build- 
ing at the NASA Lewis Research Center. The facility could supply the combustor inlet with pres- 
surized air of 16 atm at 1 100 °F by means of a non- vitiating heat exchanger. Combustion gases 
were sampled continuously during testing. Three water-cooled sampling probes were located at 
the axial stations shown in figure 1; 6 in. (probe A), 12 in. (probe B), and 25 in. (probe C) 
downstream of the lean burner inlet. Gas sampling probes A and B were 5-point probe designs 
and they took ganged-samples from locations 0, 1.565, 2.213, 2.71 1, and 3.130 in. from the 
centerline of the lean burner. Gas sampling probe C was a 10-point probe design and it took 
ganged-sample measurements from locations 0, 0.572, 1.025, 1.583, 2.393, 4.607, 5.417, 5.975, 
6.428, and 6.82 in.across the lean-bum zone diameter. 

[Editor’s note: The original 1992 draft did not specify whether the reported emissions values 
were wet or dried. However, the author of that report indicated that the samples were dried before 
measurements were taken. All of the data reported here (except the smoke numbers in Table 5) 
are corrected wet readings.] 

The cylindrical flame tube rig dimensions are given in figure 1. Hot ceramic liners were used 
to minimize the effects of heat loss on NO x emissions. Figure 2 shows a schematic diagram of the 
RQL combustor facility. All of the air was divided between the rich zone and the mixer; there was 
no air addition in the lean zone. 

The quick-mix configuration used in all the tests for which results are reported herein was a 
single row of eight 45° slanted slots; each was 1.99 in. long and 0.33 in. wide. Liquid fuel, JP-5, 
at ambient temperature was injected into the combustor rig using either the Parker Hannifin 
Airblast Low NO x Nozzle (Phase I) or a Textron Turbo Component Airblast Fuel Nozzle. [Ed: 
Herein referred to as “Parker” and “Textron” fuel nozzles.] 

A cross-section of the Parker fuel nozzle is shown in figure 3. This airblast fuel nozzle was 
assembled with co-swirling 60° helical air swirlers for the dome air (Wj), the outer airblast air 
(W Q ), and the inner airblast air (Wj). A 60° straight cut was made for the co-swirling fuel swirler. 
The fuel nozzle’s three air circuits were controlled and metered separately. The mixer section had 
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the slots angled to reinforce the fuel nozzle swirl. The effective discharge areas are in Table 1. 

The cross-section of the Textron fuel nozzle is shown in figure 4. This dual airblast fuel noz- 
zle was assembled with co-swirling 60° helical air swirlers for the dome air, the outer air, the 
middle air, and the inner air circuit. There were two 60° co-swirling fuel swirlers for the outer and 
inner fuel passages and a 60° counter-swirling helical air swirler for the inner air circuit. The 
dome air (Wj), the outer ( W Q ), the middle air (W m ), and inner air (W-), were controlled and 
metered separately. The outer and inner fuel flow split (Wf 0 and Wfj) could also be varied. All the 
air and fuel streams in the fuel nozzle swirl in the same direction; the quick-mixing section had 
swirl slots angled to oppose the fuel nozzle swirl. The effective discharge areas are in Table 1. 
Note that data obtained prior to 91/7/30 are not reported herein. 

[Ed.: It appears that the outer and the middle air circuits shared a common metering circuit 
and were never operated separately. Secondly, there appeared to be no provision in the test 
facility to control the fuel split between the inner and the outer fuel circuits, even though the 
designed split was for 60% of the fuel to flow through the outer circuit. Thus, the flow split was 
apparently assumed by the original author. A test on a second date had the outer passage sealed 
so that all of the fuel flowed through the iner passage.] 

3. Combustor Test Results 

Prior to combustion testing, flow tests were performed to calibrate the discharge orifices. 

The effective flow discharge areas are tabulated in Table 1 along with the experiment dates and 
record numbers. Figure 5 compares the measured discharge pressure drops versus those calcu- 
lated from metered flow rates. 

3. 1 Parker Fuel Nozzle Tests 

An investigation was conducted of the effect of various parameters of the Parker fuel nozzle 
on NO x emissions and combustor performance. The results are listed in Table 2 and are shown in 
figures 6 to 8. Data in these figures were obtained with probes A, B, and C respectively. Parts (a) 
to (d) of each figure are NO x , CO, CO 2 , and combustion efficiency (T|). These results were ob- 
tained by altering the Parker fuel nozzle’s individual air circuit flow rates (i.e. W G , and W-) for a 
fixed fuel nozzle air flow (W^J and fixed combustor operating conditions. 

A 5-in. ID quick-mix section was used in this test. [Ed.: The application of a 5-in. ID quick- 
mix section does not correlate with the J values listed in the author’s original draft. A 4-in. ID 
unit fits very well, however. We suspect that there were 8 45° slanted slots, but the physical size 
of each of the slots is unknown] 

The prioritized influence from the three fuel nozzle air circuits on the reduction of EI(NO x ) 
can be sequenced as Wj, W Q , and Wj. This suggests that for the Parker fuel nozzle, the inner and 
outer air velocities and volume flow rates have more dominant effects on spray atomization and 
fuel spatial distribution than does the dome air. 

Bench tests conducted at Parker Hannifin showed that increasing the inner air and outer air 
flows were more effective in decreasing drop size SMD than the dome air (Sun & Nguyen, 1992). 
This SMD result is consistent with the NO x emissions measurements. Drop sizes SMD decrease 
as the inner air and outer air pressure drops increase. This effect of inner and outer air pressure 
drop on SMD levels off at the same inner and outer air pressure drop values. 
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Figures 6 a, 7a, and 8 a suggest that the lower W d /W rba condition gave lower NO x emissions 
than the higher W^/W t b a conditions. This is consistent with the improved atomization due to more 
air diverted for atomization. 

The CO emissions results displayed almost the same trend as the NO x emissions results (see 
figures 6 b, 7b, and 8 b). The CO 2 and combustion efficiency results also display the same trend. 
The low EI(NO x ), low EI(CO), high CO 2 , and high combustion efficiency also suggest the effect 
of fuel-air mixing, local fuel-air ratio, and recirculation in the rich burner tested. 

The Parker fuel nozzle sensitivity study showed a significant but decreasing difference be- 
tween the maximum and minimum EI(NO x ) measured for data obtained with gas sampling probes 
A, B, and C. The observed difference for gas sampling probe A data were due to the effect of the 
rich burner, and possibly quick mixer and rich bumer/quick mixer interaction. The smaller dif- 
ferences observed for gas sampling probes B and C data are due to the off-setting effect of longer 
lean burner residence time. 

3.2 Textron Fuel Nozzle Tests 

The nominal design air flow splits of the Textron fuel nozzle were 47.6%, 25.5%, 19.1%, 
and 7.7% of the total fuel nozzle air flow rate for the dome, outer air, middle air, and inner air cir- 
cuits respectively. Bench tests performed at Textron Fuel Systems showed high levels of atomiza- 
tion achieved (~10 |j,m SMD) at the above air flow splits for selected air-fuel ratios (F. Phil Lee 
private communication). During combustion tests, the dome air (W^, the outer air (W G ) plus the 
middle air (Wpj), and the inner air (W-) were separately controlled and metered. 

Figures 9 to 1 1 show results of investigating the effect of the Textron fuel nozzle on NO x 
emissions and combustor performance. The corresponding flow variables are listed in Table 3. 
These results were obtained by altering the Textron fuel nozzle individual air circuit flow rates 
and the inner and outer fuel flow rates (Wjj and Wf 0 ). Tests were conducted at target conditions of 
800 °F r 3 , 120 psia rig exhaust pressure (P 4 ), 0.024 metered overall fuel-air ratio (F/A m ), 2.0 rich 
burner equivalence ratio (<j^j), and 1.63 lbm/s rich burner air flow (W rba ). 

A few of the data points were obtained at 73 of 840 °F, W rba of 1.83 lbm/s, with the ratio 
(W 0 +Wj^)/Wi of 1.5 and with Wd/W rba of 47.6%, 39.5%, and 35.2%, respectively (as shown in 
figure 9 to 1 1). Two levels of Wfo/Wfj =1.5 and 0 were investigated. A 4-in. ID quick-mix section 
with eight 45° slanted slots with each slot having a length of 1.99 in. and a width of 0.33 in. was 
used. 

For the Textron fuel nozzle, smaller differences in NO x emissions levels were observed for 
(Wo+Wn^/W- above 3.8 for all conditions (see Figs. 9a, 10a, and 1 la). Variation of Parker in- 
dividual air circuit flow rates showed bigger differences in EI(NO x ) measured between conditions 
tested (See Figs. 6 a, 7a, and 8 a). 

For this fuel nozzle, the difference between the maximum and minimum EI(NO x ) for gas 
sampling probes A, B, and C data monotonically decreased. This suggested the fuel nozzle effect 
may have been offset by the effect of longer lean burner residence time (%). The differences be- 
tween the highest and lowest EI(NO x ) are smaller for the Textron fuel nozzle than the Parker fuel 
nozzle. 
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Also, the minimum EI(NO x ) was obtained with the Textron fuel nozzle operated near the 
nominal design point of the fuel nozzle. For the Textron fuel nozzle, the 47.6% BV^rba> 17.9% 
WJW Tha , 13.5% w m /w tb a, 21% Wj/Wrba and with W fo /W fl =1.5 gave the same EI(NO x ) value as 
die Parker fuel nozzle with 22% W^/W^, 39% WjW tba , and 39% Wj/Wrba at the similar combus- 
tor operating condition. For cases investigated with the Textron fuel nozzle, the 47 . 6 % W^/W Tbsi , 
with equal splits of the remaining fuel nozzle air to Wq, W m , and Wj and with WfJWfi =1.5 gave 
optimal EI(NO x ) at low fuel nozzle pressure loss. 

The case with W fo /W fl =0 and with 23.8% with equal splits of the remaining fuel 

nozzle air to W Q , W m , and W- gave low EI(NO x ) together with lowest EI(CO) at reasonable fuel 
nozzle pressure loss. In this case, the high pressure loss through the Wj counter-swirl circuit gave 
a spray angle of 80° at design point, enhanced fuel-air interaction, recirculation and atomization. 

3.3 Combustor Parametric Study Using Parker Fuel Nozzle 

A parametric study was conducted to investigate the effect of combustor operating variables 
on EI(NOx) and combustor performance. For these tests, the Parker fuel nozzle setting was 22% 
W d /W rhsL , with 39% of the fuel nozzle air for W G and each. A 4 in. ID quick-mix section was 
used with eight 45° slanted slots with each slot having a length of 1.9 in. and a width of 0.33 in. 

Combustor parametric tests were conducted at inlet temperatures ( 73 ) from 600 to 1 100 °F, 
rig rich-bum pressure (P r b) of 80 to 150 psia, exit temperatures (T$) of 2600 to 2900 °F with a 
few test points at 3160 °F, overall reference velocities (F r ef,ov) of 50 to 150 ft/s, and rich-bum 
equivalence ratio (<JVb) of 1.5 to 2.2. These data are given in Table 4 and are shown in figures 12 
to 19. 

[Ed: The J values in Table 4 were calculated using the formula in the Nomenclature, assum- 
ing a Cd of 0.73 for the quick-mix jets. These J values are within 8 % of those reported in the 
original internal report.] 

3.3.1 Lean Burner Exit Temperature Parametric Study 

NO x and CO results from tests with variation in lean burner adiabatic temperature are shown 
in figures 12 and 13, respectively. These conditions were achieved by decreasing the quick-mix 
air flow rate (W q ) at constant rich-bum air flow rate (W rba ) and fuel flow rate (Wj) with 4Vb °f 2-0 
and other fixed combustor operating conditions. Therefore, increasing lean burner adiabatic 
temperature (T^), or overall equivalence ratio (<|) ov ) also decreased the mixer momentum-flux 
ratio (J), and slightly decreased V re f ov over the range of T 4 . Increasing T 4 increased the EI(NO x ) 
slightly. Figures 12a & 12b show variation of EI(NO x ) with T 4 at constant P r b, T 3 , and F re f ov . 
These constant P r b, T 3 , F re f ov curves have the same slope over the range of T 4 tested (nominally 
2600 to 2900 °F with a few data points at 3 160 °F) observed within the probe A and probe B data. 

Increasing from 2600 to 2900 °F reduces J by almost half. The reduction in J would be 
expected to reduce quick-mix jet penetration. A degradation in quick mixing efficiency could 
cause an additional increase in EI(NO x ) measured. Novick and Troth (1981) and Pierce et al. 
(1980) reported little or no effect of <t^b on EI(NO x ) for ERBS fuel and No. 2 diesel fuel. 

Carbon monoxide (CO) emissions, on the other hand, were influenced significantly by T, 4 . 
The higher increased the CO reaction rate and resulted in lower CO emissions (see Figs. 13a & 
13b). 
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All the CO levels measured were below an EI(CO) level of 10 and are similar to the equi- 
librium CO levels except at 600 °F T 3 . The high levels of CO measured at 600 °F T3 at gas 
sample probe A were due to low T 3 , low T 4 , short residence times, and high J. The CO levels 
measured with gas sample probe B (Fig. 13b) were very low (below El level of 2; except for T 3 of 
600 °F the EI(CO) levels are between 2 to 10). 

3.3.2 Combustor Inlet Temperature (T 3 ) Parametric Study 

Results from tests with variation in T 3 are shown in figures 14 and 15. These conditions were 
achieved by varying T 3 at constant T 4 , at a <|Vb of 2 and at nominally constant V re f in each of the 
three zones. W rba and W q were adjusted. Therefore, during these tests, increasing T 3 also in- 
creases T^j. If either W q /W rb or r 3 /7’ rb increased, so did J. 

Increasing T 3 increased NO x emissions considerably as shown in figure 14. This figure 
shows variation of EI(NO x ) over a range of T 3 of 600 to 1 100 °F and at constant P rb and V re f ;OV . 
Figures 12a & 12b suggest that curves with different T 3 ’s have similiar variations with T 4. 

Similar trends with T 3 can be observed in figures 14a, 14c, and 14e. This indicates that a similar 
r 4 effect was observed for higher T 3 levels, and also that a similar T 3 effect was observed for the 
measured T 4 levels. 

The significant effect of T 3 on EI(NO x ) was also reported by Novick and Troth (1981) and 
Pierce et al. (1980) for natural gas, and No. 2 fuel oil. Melconian (private communication) also 
observed a significant effect of T 3 (more dominant than the P 4 effect) on EI(NO x ) in a recent en- 
gine test program running the Variable Residence Time combustor in a fuel rich - quick mix - fuel 
lean mode. 

Increasing T 3 increases reaction rates, hence thermal NO x reaction and CO reaction rates in- 
crease with T 3 . Comparing curves between figures 14a & 14b, 14c & 14d, and 14e & 14f show 
the same slope. This suggests that lean burner residence time displays a similar effect on NO x 
reactions rates for these T 3 levels. 

During these tests, increasing T 3 also increased 7^,. The higher P rb would increase rich zone 
NO x levels if there were local uneven distributions of fuel in the rich burner ( F/A ^ ). During these 
tests, the higher J is due to an increase in T 3 (especially at 1 100 °F), and at low P 4 , e.g. 2600 °F. 
This might cause jet overpenetration and result in poorer mixing. However, higher T 3 increases 
fuel spray vaporization rate and atomization (due to a decrease in fluid viscosity). This rich burner 
effect is offset by the other adverse effect (on NO x ) mentioned above. 

The dominant effect of higher T 3 on increasing the CO reaction rate resulted in lower CO 
emissions as shown in figure 15. All EI(CO) measured are low (<10) except for data with r 3 of 
600 °F obtained with gas sample probe A. 

3.3.3 Combustor Pressure Parametric Study 

NO x and CO results from tests with variation in combustor pressure are shown in figures 16 
and 17. These conditions were achieved by varying the combustor pressure [Ed.: We think this is 
P rb .] over a range of 80 to 150 psia at constant T 3 , T 4 , J, V ref in the three zones, with <^ b of 2 (i.e. 
at constant P rb ). Therefore increasing P rb also increased W rba , and W q . Increasing P rb increased 
NO x emissions. Similar pressure effects on NO x were reported by Rizk and Mongia (1990 & 
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1991) for ERBS, No. 2 fuel, and RESID fuel. Pierce et al. (1980) also reported a pressure effect 
on NO x for No. 2 fuel. 

The observed presure effect suggested the sensitivity of rich burner (fuel preparation and 
rich burner residence time (i^b)) mid the mixing section and possibly rich bumer/quick mixer in- 
teraction on NO x levels. Increasing P r b would decrease the spray cone angle. 

Rizk and Mongia (1990 & 1991) also reported that the effect of increasing the system pres- 
sure was to increase the initial NO formed in the dome region of the rich burner for the case 
where there is poor local fuel-air distribution in this region. They also reported that the rate of NO 
reduction at higher pressures is more significant than at lower pressure level and that no pressure 
effect is noticed at large rich burner residence time. 

Comparing curves between figures 16e and 16f shows that data obtained with gas sample 
probe B have smaller slopes than data obtained with gas sample probe A. This trend is also ob- 
served in the dependency of NO x on combustor pressure and lean burner residence time (Tib) fr° m 
the NO x correlation equations to be described later. 

In the quick-mix section, increasing pressure increases the dissociation of oxygen molecules, 
increases the flame thickness, stretches out the flame zones and increases the number of turbulent 
eddies with hot surface areas (due to an accompanying increase in mass-flow rates in these tests 
which resulted in an increase in the Reynolds number). An undesirable combination of the effects 
mentioned above together with a slower quick-mix rate and a non-uniform rich burner exit gases 
profile would increase the NO x level. 

Rosfjord (1986) reported a pressure insensitivity to NO x control with \b at nominally 
220-ms. For the same series of tests, Rosfjord also reported no influence of % on NO x level for a 
range of % of 150 to 220 ms. This suggests that the long may offset the pressure effect on 
NO x in the rich burner. 

In contrast to the pressure effect on EI(NO x ), increasing combustor presure decreases 
EI(CO) as shown in figure 17. 

3.3.4 Combustor Overall Reference Velocity Parametric Study 

Results from tests with variation in overall reference velocity (V re f,ov) are shown in figures 
18 and 19. These conditions were achieved by varying air flow rates and fuel flow rate and 
anchoring all other combustor variables. These tests were conducted at (j^b of 2. Therefore during 
these tests, increasing V re f ov also increased the rich burner and quick mixer reference velocities 
(V ref r b and Vj. efq ) and decreased the hot residence times in the rich burner, quick mixer, and lean 
burner sections.’ Higher mass flow rates might enhance the mixing rates. 

Figures 18a, 18c, and 18e show the insensitivity of NO x emissions to a variation in V re f >ov 
for the gas sample probe A data. This suggests that over the range of V re f >ov tested, 65 to 140 ft/s, 
the induced altered mixing rate and the altered residence time in the rich oumer and quick mixing 
section tested show no infuence on NO x emissions. 

Figures 18b, 18d, and 18f indicate a small inverse relationships between V re f ov and 
EI(NO x ). This suggests the effect of additional dynamic pressure loss between the’ gas sampling 
probes A and B locations on NO x emissions levels obtained with the gas sampling probe B. 
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Novick and Troth (1981) reported that ^ for minimum NO x became more fuel lean with 
decreasing residence time. The fuel used in these authors’ test was ERBS. This point bears an im- 
pact on variable geometry controls and is worthy of consideration for future investigations. 

Increasing V re f ov gives a small increase in CO emissions as shown in figure 19. 

3.3.5 Lean Burner Residence Time Parametric Study 

The true role of lean burner residence time is clearly identified by comparing data obtained 
with gas sampling probes A and B in figures 12 to 19. In general, doubling the lean burner 
residence time only slightly increased the EI(NO x ). The CO emissions levels obtained with gas 
sampling probe B are much less than that obtained with gas sampling probe A. 

3.3.6 Rich Burner Equivalence Ratio (<tVb) Parametric Study 

NO x and CO results for tests with variation in 4^ in the range of 1.5 to 2.25 are shown in 
figures 20 and 21. These conditions were achieved by varying the rich burner and quick-mix 
section air flow rates at constant fuel flow rate and total air flow rate (cf. Rdgs. 921 A to 93 IB, 
934A - 937B, 788A, 789B, 803A, and 804B listed in Table 4), while maintaining other combuster 
conditions constant. Therefore during these tests, increasing ({^b also decreased T T p, decreased 
V refrb and increased J. For example, variation of <^ b from 1.53 to 2.24 as shown in Rdg. nos. 
920A - 930B resulted in an increase in J from 7.1 to 25.5, a decrease in 7j. b from 3430 to 2490 °F, 
and a decrease in V ref>r b from 42.5 to 28.7 ft/s. Figure 20a indicates that there is a slight increase 
in EI(NO x ) for a corresponding increase in <^ b from 1.63 to 2.0 at T 3 of 600 and 840 °F. 

From this limited number of tests, the results seemed to suggest that it is more beneficial to 
operate this RQL combustor at <|Yb for minimum NO x at higher T$ conditions. For the case with 
r 3 of 600 °F, it appears that there is no change in EI(NO x ) between (J^-b of 2.0 and 2.24. Figure 
20a also seems to suggest that the NO x “bucket” may be around dVb of 1-4. Novick and Troth 
(1981) reported a NO x “bucket” around <^b of 1.4 for ERBS, ERBS doped with fractional per- 
centage of Nitrogen, RESID, and SRC-II fuels. Pierce et al. (1980) and Ros fjord (1986) reported 
a NO x “bucket” around <^b of 1.4 for No. 2 fuel with 0.5% Nitrogen and UCC-1, UCC-2 fuels, 
respectively. Pierce et al. (1980) also reported a NO x staging capability involving fixed NO x 
emissions levels and NO x minimum point as the rich burner air flow is increased from a low 
value of 9.8% through an intermediate value of 13.5% to a high setting of 21.4%. 

Novick and Troth (1981) also reported that the <kb for minimum NO x varies with residence 
time and pressure drop, becoming more fuel lean with decreasing residence time or with increas- 
ing pressure drop. These authors’ used ERBS and RESID fuels in the tests. In the tests using 
RESID fuel, the minimum NO x level is reported to increase as pressure drop is reduced. These 
features bear some benefits to variable geometry controls issues that they would be noteworthy 
for future investigations. 

Figure 21 indicates an increase in CO emissions as (J^b is increased. 

3.3.7 Quick Mixer Parametric Study 

Different mixing configurations were investigated from 5/24/91 to 7/09/91 (see Table 1). 

The data for these configurations are not reported in this report. 
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A 4 in. ID section with eight 45° slanted slots was adopted. (These slots were 1.99 by 0.33 
in.) The performance of this configuration on EI(NO x ) is shown in figure 22 along with HSR tar- 
gets and other recently related works. 

The fuel-to-air ratio obtained from gas sample versus that obtained from metering is shown 
in figure 23. The proximity of the data scatter to the unity FARR line suggests that the measured 
flow was uniform at the sample probe locations. 

3.4 Summary of NO x and CO Emissions Results 

In general, the results show that r 3 is the major controlling factor in the formation of NO x , 
with P 4 , ^ref o v> and playing secondary roles. J 3 appears to dominate probably because 

the NO x formation rates accelerate as I 3 increases. Increasing J 3 increases T rb and increases the 
rate of NO x production. 

The secondary influence of r 4 suggests that NO x formation is directly proportional to the 
amount of fuel burned since T 4 has a linear relationship with the overall fuel-to-air ratio. 

The overall resident time, toy, is linked inversely to the reference velocity, V^^y, aero- 
dynamically. Speeding up V re f ov reduced \, v . 

High pressure effects diminish with longer lean-bum residence time. Also, the r 4 effect on 
post-flame thermal NO x becomes more dominant at gas sampling probe B location.This suggests 
that the r 4 dependency is increased with lean-bum residence time. 

The noticeable differences suggest the complexities of the NO x formation mechanisms in the 
RQL combustor tested. This suggests that for % corresponding to gas sampling probe B location 
or farther downstream, the lean-bum residence time effects have leveled off and are dominated by 
the post-flame NO x formation mechanisms in these lean burner regions. To predict EI(NO x ) for 
the RQL combustor, a correlation expression should account for the primary effects of r 3 and the 
secondary effects of r 4 , P rb , t^y, and V k{ . 

The results suggest r 3 and P 4 dominates CO pruduction; P rb and \, v have secondary effects. 

3.5 Smoke Emissions Results 

A limited number of smoke samples was taken for the RQL tests. The results are given in 
Table 5 and figures 24 and 25. Figure 24 shows the trade-off between NO x emissions and smoke 
using results of Reading numbers 759A, 760B, and 762C listed in Table 5. Figure 25 indicates 
that the smoke number decreases as lean-bum residence time increases. 

4. Conclusions 

Based on the results obtained in this test program, several conclusions can be made: 

1 . The RQL tests gave low NO x and CO emissions results at conditions corresponding to HSR 
cruise. 

2. The Textron fuel nozzle design with optimal multiple partitioning of fuel and air circuits 
shows potential of providing an acceptable uniform local fuel-rich region in the rich burner. 
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3. For the parameters studied in this test series, the tests have shown T$ is the dominant factor 
in the NO x formation for RQL combustors. As increeases from 600 °F to 1 100 °F, 
EI(NO x ) increases approximatesly three fold. 

4. Factors which apprear to have secondary influence on NO x formation are P 4 , P 4 , <(^ b , V re f >ov . 

5. Low smoke numbers were measured for <k b of 2.0 at P 4 of 120 psia. 
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Table 1: RQL combustor test record 


Date Rdgs. 

yymmdd 

Dome Outer 
ACd ACd* 
in 2 in 2 

Inner 

ACd 

in 2 

Quick-mix 

AC(ft ID Mixing Configuration 
in 2 in 

Issue 

910517 

152-164 

0.93 

0.347 

0.176 

2.3 

5 

? 

Flow calibration test 

910524 

169-180 

0.93 

0.347 

0.176 

2.3 

5 

? 


910524 

181-207 

0.93 

0.347 

0.176 

3 

5 

2-rows of 24 45°-slots (0.88-by-0.221) 


910614 

233-257 

0.93 

0.347 

0.176 

3.4 

5 

1-row of 12 45°-slotst 


910620 

258-338 

0.93 

0.347 

0.176 

3 

5 

2-rows of 24 holes 1.9 in. apart (0.5 in. ID) 


910627 

339-380 

0.93 

0.347 

0.176 

3.3 

5 

2-rows of 24 holes 1.9 in. apart (0.5 in. ID) 


910709 

381-510 

0.93 

0.347 

0.176 

3 

5 

2-rows of 24 holes 1.9 in. apart (0.5 in. ID) 


910725 

512-548 

0.93 

0.347 

0.176 

3.3 

5 

1-row of 8 45°-slots$ 


910730 

549-646 

0.93 

0.347 

0.176 

3.3 

5 

1 row of 8 45°-slotst 

Parker nozzle test 

910801 

649-694 

0.93 

0.347 

0.176 

3.3 

5 

1 row of 8 45°-slotsi 

Parker nozzle test 

911022 

700-702 

0.93 

0.347 

0.176 

3.4 

4 

1 row of 8 45°-slots (1.99-by-0.33) 


911105 

703-706 

0.93 

0.347 

0.176 

3.4 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

? 

911112 

707-751 

0.93 

0.347 

0.176 

3.5 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

Smoke number test 

911204 

756-781 

0.93 

0.347 

0.176 

3.4 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

RQL parametric test 

911205 

782-804 

0.93 

0.347 

0.176 

3.3 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

RQL parametric test 

911211 

810-887 

0.93 

0.347 

0.176 

3.7 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

RQL parametric test 

911219 

889-946 

0.93 

0.347 

0.176 

3.7 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

RQL parametric test 

920123 

948-994 

0.88 

0.87 

0.15 

3.7 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

Textron nozzle test 

920204 

999-1056 

0.88 

0.87 

0.15 

3.7 

4 

1 row of 8 45°-slots (1.99-by-0.33) 

w/ outer fuel passage blocked 


Notes: 

The outer flow ACd for the Textron nozzle includes the outer and the middle flow passages. The Outer A CV/ alone is 0.48. 

1"The ACd for the quick-mix flow was calculated backwards from pressure drop records. These corresponds well to sizes given in 
available records. The quick-mix sections used either 3/16-in. thick 5-in. ID Haynes 214 sleeves or 1/2-in. thick 4 in. ID ceramic 
sleeves. 

$The exact size of the slots are unknown. However, the log book entry indicated that the discharge area is the same as those of the 24 
round holes in the previous runs. This is consistent with the pressure drops measured. 
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Table 2: Effect of Parker nozzle air circuits on RQL combustor emissions. 


Rdg 

P * 
r rb 

AP34 

h 


<t>ov T 4 * 

T ^ 

i ib 

V 


w 0 


Wf 


^1b 

NO.CO 

co 2 

UHC 

O a FARR X \ 

^ref,rb 

^refjb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g/kg-fg/kg-f % 

ppm 

% 


% 

ft/s 

ft/s 

598A 

70.5 

7.93 

784 

1.99 

0.354 2240 

2840 

24.42 

0.442 

0.297 

0.59 6.148 

0.18 

189.4 

5.1 

l.l 

7.4 

1.7 

18 

4.67 

0.12 

13.57 

0.953 

99.58 

50.1 

206.3 

599B 

70.6 

8.02 

784 

2.00 

0.356 2250 

2830 

24.39 

0.444 

0.297 

0.59 6.148 

0.181 

188.8 

5.1 

l.l 

7.3 

1.8 

10.3 

4.59 

0 

13.58 

0.953 

99.76 

50.2 

207 

600C 

70.7 

7.91 

785 

2.00 

0.356 2250 

2830 

24.39 

0.444 

0.296 

0.59 6.148 

0.181 

189 

5.1 

1.1 

7.4 

1.9 

1.7 

4.85 

0 

13.59 

0.936 

99.% 

50.1 

206.4 

602A 

70.1 

7.6 

784 

2.00 

0.353 2240 

2830 

24.4 

0.443 

0.205 

0.676 6.169 

0.18 

192.3 

5.1 

l.l 

7.3 

2.1 

52.7 

4.55 

0 

13.68 

0.979 

98.76 

50.3 

207.5 

603B 

70 

7.5 

785 

2.00 

0.354 2240 

2830 

24.4 

0.445 

0.204 

0.675 6.155 

0.18 

191.1 

5.1 

l.l 

7.3 

2.2 

12 

4.62 

0 

13.67 

0.946 

99.72 

50.4 

207.1 

604C 

69.9 

7.01 

783 

2.00 

0.354 2240 

2830 

24.39 

0.443 

0.204 

0.675 6.155 

0.18 

191.6 

5.1 

1.1 

7.3 

2.4 

2.1 

4.63 

0 

13.62 

0.941 

99.95 

50.3 

205.6 

607A 

70.8 

7.85 

763 

1.97 

0.352 2210 

2840 

24.49 

0.131 

0.898 

0.308 6.16 

0.179 

188.7 

5.1 

1.1 

7.4 

1.8 

21.8 

4.86 

0.19 

13.33 

0.951 

99.49 

49.3 

204.3 

608B 

71.3 

8.03 

760 

1.97 

0.353 2220 

2830 

24.48 

0.141 

0.903 

0.308 6.203 

0.182 

186.2 

5.1 

l.l 

7.3 

2.1 

7.8 

4.81 

0.07 

13.24 

0.998 

99.82 

49.4 

204.3 

609C 

70.8 

7.96 

760 

1.98 

0.355 2220 

2830 

24.47 

0.141 

0.903 

0.306 6.181 

0.182 

185.8 

5 

1.1 

7.3 

2.4 

1.7 

4.52 

0.14 

13.52 

0.986 

99.% 

49.7 

204.8 

61 1A 

71.4 

7.64 

763 

1.98 

0.352 2210 

2830 

24.46 

0.139 

0.794 

0.398 6.17 

0.179 

190.8 

5.2 

l.l 

7.5 

1.7 

16.3 

4.78 

0 

13.39 

0.942 

99.62 

48.7 

201.8 

612B 

71.1 

7.99 

764 

1.98 

0.351 2210 

2830 

24.47 

0.142 

0.794 

0.398 6.174 

0.179 

190.1 

5.1 

l.l 

7.4 

2 

8 

4.66 

0 

13.52 

0.988 

99.81 

49.1 

204.2 

613C 

71.3 

7.95 

766 

1.97 

0.351 2220 

2850 

24.51 

0.151 

0.793 

0.397 6.164 

0.179 

187.9 

5.1 

l.l 

7.4 

2.5 

1.7 

4.49 

0 

13.64 

0.961 

99.% 

49.2 

203.9 

615A 

70.5 

7.03 

762 

2.00 

0.353 2220 

2800 

24.39 

0.126 

0.61 

0.591 6.186 

0.18 

193.9 

5.1 

l.l 

7.4 

1.4 

11.4 

4.64 

0.21 

13.26 

0.926 

99.73 

49.2 

203.6 

616B 

70.5 

6.98 

759 

1.99 

0.353 2210 

2820 

24.44 

0.131 

0.61 

0.593 6.193 

0.18 

191.4 

5.1 

l.l 

7.4 

1.5 

8.3 

4.59 

0.24 

13.37 

0.971 

99.8 

49.3 

202.9 

617C 

70.3 

6.94 

763 

1.98 

0.352 2220 

2830 

24.47 

0.136 

0.61 

0.593 6.169 

0.18 

188.9 

5 

l.l 

7.4 

1.9 

0.2 

4.52 

0.19 

13.42 

0.956 

99.99 

49.7 

202.9 

619A 

70 

6.27 

761 

1.98 

0.351 2210 

2830 

24.46 

0.134 

0.408 

0.79 6.193 

0.179 

192 

5 

l.l 

7.4 

1.3 

29.2 

4.67 

0.19 

13.4 

0.949 

99.31 

49.6 

202 

620B 

70 

6.96 

762 

1.99 

0.354 2220 

2810 

24.41 

0.135 

0.407 

0.79 6.167 

0.181 

191 

5.1 

l.l 

7.4 

1.2 

10.1 

4.52 

0.17 

13.42 

0.969 

99.76 

49.7 

204 

62 1C 

69.9 

6.24 

761 

1.99 

0.355 2220 

2810 

24.42 

0.138 

0.408 

0.79 6.167 

0.181 

189.8 

5 

1.1 

7.4 

1.5 

1.7 

4.34 

0.24 

13.54 

0.941 

99.96 

49.9 

201.8 

623A 

69.9 

7.04 

762 

2.01 

0.356 2230 

2800 

24.37 

0.137 

0.276 

0.917 6.167 

0.182 

191.6 

5.1 

l.l 

7.4 

1.1 

37.2 

4.58 

0.14 

13.37 

0.903 

99.12 

49.8 

204.7 

624B 

69.7 

6.35 

761 

1.99 

0.354 2220 

2820 

24.43 

0.141 

0.276 

0.921 6.193 

0.181 

190.5 

5 

l.l 

7.3 

1.3 

10.7 

4.6 

0.1 

13.51 

0.962 

99.75 

50.1 

203.1 

625C 

69.9 

5.8 

764 

1.98 

0.354 2220 

2830 

24.45 

0.142 

0.276 

0.92 6.169 

0.18 

189 

5 

1.1 

7.3 

1.6 

7.2 

4.57 

0.07 

13.58 

0.95 

99.83 

50.1 

201.4 

627A 

70.3 

7.05 

781 

2.00 

0.354 2240 

2820 

24.38 

1.078 

0.181 

0.071 6.193 

0.181 

192 

5.1 

l.l 

7.4 

2.9 

42.8 

4.73 

0.23 

19.89 

0.941 

98.99 

50.2 

205.9 

628B 

70.6 

6.92 

780 

2.01 

0.354 2240 

2820 

24.37 

1.076 

0.18 

0.071 6.186 

0.181 

192.5 

5.1 

l.l 

7.4 

2.5 

9.9 

4.83 

0.16 

13.64 

0.742 

99.77 

49.9 

203.6 

629C 

70.9 

7.84 

780 

2.00 

0.354 2240 

2820 

24.39 

1.079 

0.18 

0.071 6.193 

0.181 

191.8 

5.1 

l.l 

7.4 

2.9 

2.2 

4.76 

0.17 

13.75 

0.972 

99.95 

49.8 

205.8 

631A 

69.8 

6.95 

780 

2.00 

0.359 2260 

2820 

24.38 

1.077 

0.163 

0.076 6.038 

0.179 

186.6 

5.1 

l.l 

7.4 

2.2 

27.4 

4.92 

0.19 

13.49 

0.944 

99.36 

50 

201.8 

632B 

69.9 

7.46 

780 

2.00 

0.358 2250 

2820 

24.39 

1.079 

0.163 

0.076 6.058 

0.179 

186.8 

5.1 

l.l 

7.4 

2.5 

8.3 

4.9 

0.14 

13.42 

0.987 

99.8 

50 

204 

633C 

70 

7.08 

779 

2.00 

0.358 2250 

2820 

24.39 

1.08 

0.163 

0.077 6.058 

0.179 

186.6 

5.1 

l.l 

7.4 

2.8 

2.1 

4.86 

0.14 

13.47 

0.98 

99.95 

50 

202.4 

635A 

70.4 

7.72 

779 

1.99 

0.358 2250 

2830 

24.41 

1.08 

0.124 

0.119 6.056 

0.179 

185.6 

5.1 

l.l 

7.4 

2.4 

26.8 

4.87 

0.16 

13.33 

0.973 

99.37 

49.8 

203.1 

636B 

70.8 

7.28 

779 

2.00 

0.359 2250 

2820 

24.4 

1.08 

0.125 

0.119 6.056 

0.18 

185.3 

5.1 

l.l 

7.4 

2.6 

9.1 

4.87 

0.19 

13.38 

0.986 

99.79 

49.6 

200.6 

637C 

70.1 

8.08 

779 

2.00 

0.358 2250 

2820 

24.4 

1.081 

0.124 

0.119 6.058 

0.18 

185.3 

5.1 

l.l 

7.3 

2.9 

2.1 

4.8 

0.21 

13.39 

0.977 

99.95 

50.1 

205.1 

639A 

70.5 

7.31 

776 

2.01 

0.36 2260 

2800 

24.34 

1.08 

0.077 

0.16 6.056 

0.181 

187.6 

5.1 

1.1 

7.5 

2.4 

24.5 

5.02 

0.23 

13.16 

0.962 

99.42 

49.4 

201.4 

640B 

71.6 

7.59 

775 

1.99 

0.355 2240 

2830 

24.44 

1.08 

0.079 

0.16 6.065 

0.178 

187 

5.2 

1.1 

7.6 

2.7 

8.1 

4.84 

0.26 

13.19 

1.022 

99.81 

48.6 

198.4 

641C 

70.9 

7.28 

775 

1.98 

0.354 2240 

2840 

24.45 

1.081 

0.08 

0.16 6.075 

0.178 

187.1 

5.1 

1.1 

7.5 

3.1 

2.2 

4.72 

0.23 

13.35 

0.993 

99.95 

49.2 

200 

643A 

71.4 

7.9 

772 

2.00 

0.358 2240 

2820 

24.4 

1.08 

0.057 

0.188 6.073 

0.18 

186.4 

5.2 

1.1 

7.5 

2.2 

18.5 

4.96 

0.14 

13.17 

0.959 

99.57 

48.9 

200.8 

644B 

71.2 

7.27 

772 

2.00 

0.359 2250 

2810 

24.39 

1.079 

0.055 

0.188 6.056 

0.18 

186.2 

5.2 

1.1 

7.5 

2.5 

7.5 

4.88 

0.16 

13.28 

1.002 

99.82 

48.9 

198.4 

645C 

70.5 

7.22 

772 

2.00 

0.358 2240 

2820 

24.39 

1.077 

0.054 

0.188 6.056 

0.179 

187 

5.1 

l.l 

7.5 

3 

1.9 

4.82 

0.17 

13.29 

0.984 

99.95 

49.3 

200.5 

660A 

70.3 

7.49 

586 

1.98 

0.355 2050 

2650 

24.46 

0.141 

0.403 

0.795 6.141 

0.18 

197.7 

5.3 

1.2 

7.8 

1.5 

12.8 

4.91 

0.61 

13.63 

0.984 

99.7 

42.6 

190.4 

662A 

70 

7.79 

585 

2.00 

0.358 2060 

2630 

24.41 

0.141 

0.276 

0.92 6.124 

0.181 

197.6 

5.3 

1.2 

7.7 

1.6 

10.2 

4.93 

0.47 

13.63 

0.975 

99.76 

42.7 

191.7 

664A 

70.1 

7.22 

598 

1.99 

0.355 2060 

2660 

24.44 

0.266 

0.246 

0.82 6.124 

0.18 

198.1 

5.3 

1.2 

7.8 

1.7 

11.8 

4.91 

0.51 

13.73 

0.985 

99.72 

43 

190.2 

666A 

71.7 

5.86 

600 

1.99 

0.358 2070 

2660 

24.44 

0.26 

0.718 

0.345 6.022 

0.179 

194.1 

5.5 

1.3 

8.1 

2.3 

6.2 

5.25 

0.28 

13.54 

0.97 

99.85 

41.8 

178.6 

668A 

70.8 

7.85 

573 

2.00 

0.356 2040 

2610 

24.38 

0.088 

0.29 

0.95 6.139 

0.181 

202.5 

5.5 

1.2 

7.9 

1.7 

12.9 

5.22 

0.37 

13.38 

1.025 

99.7 

41.4 

188.4 
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Table 2 (Concluded.) 


Rdg V a/> 34 r 3 ^ <t) ov r 4 + r A 

psia psi °F °F °F 


* V w d Wj w q w f ytt 

g/mol lbm/s lbm/s lbm/s lbm/s lbm/s 


% 

ms 




NO x CO 


CO, 


ms ms g/kg-fg/kg-f % 


UHC 

ppm 


0 2 FARR T| 


^ref^b ^ref,lb 
fi/s ft/s 


670A 

70.3 

7.76 

605 

2.00 

0.358 2080 

2650 

24.41 

1.201 

0.122 

0.069 6.362 

0.189 

195 

5.1 

1.1 

7.4 

2.5 

8.4 

5.33 

0.28 

13.43 

1.024 

99.8 

45.1 

199.5 

672A 

71.6 

6.55 

606 

2.00 

0.355 2070 

2650 

24.4 

0.439 

0.296 

0.582 6.081 

0.179 

199.3 

5.5 

1.2 

8 

2.2 

8.8 

5.11 

0.19 

13.65 

1.043 

99.79 

41.9 

182.9 

675A 

71.5 

11 

714 

2.00 

0.565 2890 

2760 

24.4 

0.191 

0.463 

1.274 4.886 

0.262 

66.1 

3.6 

0.9 

5.2 

4.5 

18.7 

7.71 

0.27 

10.3 

0.631 

99.56 

67.7 

203.3 

676B 

69.2 

8.69 

716 

2.03 

0.573 2920 

2720 

24.29 

0.188 

0.463 

1.271 4.884 

0.265 

66.7 

3.5 

0.9 

5.1 

4.2 

19.6 

7.8 

0.11 

10.19 

0.921 

99.54 

70 

203.2 

680A 

72 

8.65 

741 

1.99 

0.591 3000 

2790 

24.41 

0.243 

0.668 

1.252 5.14 

0.293 

58.6 

3.2 

0.9 

4.7 

3.2 

18.8 

7.75 

0.15 

8.67 

0.902 

99.56 

77.2 

213 

681B 

72.6 

8.47 

742 

1.99 

0.59 3000 

2800 

24.43 

0.245 

0.669 

1.25 5.14 

0.293 

58.4 

3.2 

0.9 

4.7 

3.6 

12.4 

7.62 

0.25 

8.49 

0.97 

99.71 

76.6 

210.4 

683C 

72.7 

8.9 

743 

2.00 

0.589 3000 

2790 

24.4 

0.246 

0.671 

1.248 5.174 

0.294 

59.2 

3.3 

0.9 

4.7 

3.9 

13 

7.76 

0 

8.76 

0.971 

99.7 

76.6 

212.2 


*P r b originally was P 3 listed at 100 psia. 

tThe J values tabulated here are computed based on a 5-in. ID quick-mix section with 8 45° slanted slots of 0.33 by 1.99 in. area each. 

The J values listed by the original manuscript were about 3 times smaller. 

^Estimated 
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Table 3: Effect of Textron nozzle air and fuel circuits on RQL combustor emissions 


Rdg 

r * 

AP34 

*3 


<t>ov T 4 1 




w.t 

Wj w q 

w { * 

j * 

%b X> v 

NO. 

CO 

co 7 

UHC 

O9 FARR T| 

^ref,rb 

^ref,lb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g/kg-fg/kg-f % 

ppm 

% 


% 

ft/s 

ft/s 

951A 

121 

13.7 

790 

1.98 

0.357 2260 

2850 

24.45 

0.774 

0.734 

0.13 7.461 

0.221 

59.6 

7 

1.5 

9.6 

3.3 

13.9 

3.85 

2.59 

14.54 

1.43 

99.67 

36.2 

147.6 

952B 

121 

13.6 

790 

1.99 

0.358 2260 

2840 

24.43 

0.772 

0.731 

0.13 7.448 

0.221 

59.8 

7.1 

1.5 

9.6 

3.7 

19.3 

4.31 

1.29 

13.71 

0.79 

99.54 

36.1 

147.3 

953C 

122 

14 

790 

1.99 

0.358 2260 

2850 

24.43 

0.773 

0.728 

0.129 7.434 

0.221 

59.7 

7.1 

1.5 

9.7 

3.9 

1.7 

5.06 

2.22 

12.84 

0.893 

99.% 

35.7 

147.1 

955A 

123 

14.1 

789 

1.99 

0.358 2260 

2850 

24.44 

0.77 

0.771 

0.094 7.445 

0.221 

59.4 

7.2 

1.5 

9.8 

3.3 

46.5 

3.95 

1.54 

14.24 

1.029 

98.9 

35.5 

145.8 

956B 

124 

15 

789 

2.01 

0.363 2280 

2810 

24.34 

0.773 

0.771 

0.094 7.45 

0.225 

59.5 

7.2 

1.5 

9.8 

3.6 

18.3 

4.4 

0.83 

13.51 

0.813 

99.57 

35.3 

146 

957C 

124 

14.1 

791 

2.01 

0.363 2280 

2820 

24.36 

0.771 

0.773 

0.095 7.436 

0.224 

59.4 

7.2 

1.5 

9.8 

3.9 

1.4 

5.07 

0.82 

12.46 

0.9 

99.97 

35.4 

144.6 

959A 

122 

13.6 

787 

1.99 

0.359 2260 

2840 

24.41 

0.771 

0.684 

0.179 7.448 

0.222 

59.6 

7.1 

1.5 

9.7 

3.3 

48 

3.97 

0.6 

14.04 

1.047 

98.87 

35.7 

145.7 

960B 

122 

13.7 

787 

1.99 

0.359 2260 

2840 

24.41 

0.771 

0.684 

0.179 7.448 

0.222 

59.6 

7.1 

1.5 

9.7 

3.6 

21.2 

4.38 

0.6 

13.41 

0.834 

99.5 

35.7 

145.7 

961C 

122 

13.9 

791 

1.99 

0.359 2270 

2840 

24.41 

0.771 

0.68 

0.179 7.42 

0.221 

59.7 

7.1 

1.5 

9.7 

3.8 

0.9 

5.04 

0.36 

12.37 

0.912 

99.98 

35.7 

147 

963A 

123 

15.1 

789 

1.99 

0.355 2250 

2840 

24.43 

0.771 

0.429 

0.426 7.494 

0.22 

61 

7.2 

1.5 

9.8 

3 

47.1 

4.07 

0.48 

14.8 

1.061 

98.89 

35.3 

146.4 

964B 

123 

L4.6 

787 

1.99 

0.355 2250 

2840 

24.42 

0.77 

0.429 

0.425 7.491 

0.22 

61 

7.2 

1.5 

9.8 

3.4 

20.3 

4.44 

0.48 

14.17 

0.825 

99.52 

35.2 

146.1 

965C 

123 

L4.2 

787 

1.99 

0.355 2250 

2840 

24.43 

0.771 

0.428 

0.425 7.488 

0.22 

61 

7.2 

1.5 

9.8 

3.7 

1.5 

5.05 

0.36 

13.32 

0.898 

99.96 

35.2 

146.2 

967 A 

123 

8.33 

783 

1.98 

0.358 2260 

2850 

24.46 

0.39 

1.067 

0.182 7.422 

0.221 

59 

7.2 

1.6 

9.9 

3.3 

10.6 

5.4 

1.17 

12.14 

1.004 

99.75 

35.4 

137.7 

968B 

127 

11.4 

784 

1.98 

0.359 2260 

2850 

24.46 

0.391 

1.065 

0.182 7.392 

0.221 

58.7 

7.4 

1.6 

10.2 

3.5 

4.8 

4.76 

0.83 

12.98 

1.107 

99.89 

34.3 

136.1 

969C 

126 

12.4 

786 

1.97 

0.358 2260 

2860 

24.5 

0.391 

1.07 

0.182 7.409 

0.22 

58.6 

7.3 

1.6 

10 

3.7 

0.5 

4.74 

1.17 

13.08 

0.985 

99.98 

34.7 

139.1 

971A 

122 

12.4 

784 

2.00 

0.36 2260 

2830 

24.41 

0.39 

1.118 

0.13 7.449 

0.222 

59.7 

7.1 

1.6 

9.7 

3.1 

3.4 

5.33 

0.82 

12.24 

0.97 

99.92 

35.7 

144.6 

972B 

121 

11.2 

786 

1.97 

0.355 2250 

2860 

24.49 

0.391 

1.12 

0.131 7.468 

0.22 

59.6 

7 

1.6 

9.6 

3.4 

4.5 

4.73 

0.59 

13.08 

1.104 

99.89 

36.1 

145.1 

973C 

121 

11.6 

781 

1.98 

0.358 2250 

2840 

24.45 

0.388 

1.121 

0.131 7.447 

0.221 

59.3 

7 

1.6 

9.7 

3.4 

0.9 

4.78 

0.71 

13.26 

0.975 

99.98 

36 

144.2 

975A 

122 

11.8 

782 

2.01 

0.359 2260 

2810 

24.35 

0.388 

0.972 

0.256 7.425 

0.221 

60.9 

7.2 

1.6 

9.9 

3.1 

10.3 

5.26 

0.36 

12.53 

0.967 

99.76 

35.2 

143.5 

976B 

122 

11.7 

781 

2.00 

0.358 2250 

2830 

24.4 

0.389 

0.978 

0.257 7.445 

0.221 

60.5 

7.2 

1.6 

9.8 

3.4 

5.3 

4.73 

0.59 

13.27 

1.073 

99.87 

35.3 

143.8 

977C 

122 

12 

779 

2.01 

0.359 2260 

2810 

24.36 

0.391 

0.979 

0.258 7.475 

0.222 

60.8 

7.2 

1.6 

9.8 

3.4 

0.8 

4.81 

0.48 

13.35 

0.961 

99.98 

35.4 

144.2 

979A 

122 

10.8 

784 

1.98 

0.357 2260 

2850 

24.47 

0.394 

0.629 

0.622 7.46 

0.221 

59.3 

7.1 

1.6 

9.7 

2.8 

9.9 

5.1 

0.36 

12.93 

0.972 

99.77 

35.8 

143.5 

980B 

122 

10.6 

783 

1.97 

0.356 2250 

2860 

24.49 

0.393 

0.63 

0.624 7.494 

0.221 

59.6 

7.1 

1.6 

9.7 

2.9 

5.5 

4.73 

0.48 

13.56 

1.039 

99.87 

35.8 

144 

982A 

118 

9.79 

790 

1.97 

0.356 2260 

2870 

24.49 

0.982 

0.562 

0.105 7.482 

0.221 

59.1 

6.8 

1.5 

9.4 

3.6 

11.7 

4.93 

0.36 

13.34 

0.957 

99.72 

37.3 

146.7 

983B 

120 

11.7 

790 

1.99 

0.359 2270 

2850 

24.44 

0.981 

0.561 

0.104 7.469 

0.222 

59.1 

6.9 

1.5 

9.5 

4.2 

3.7 

4.7 

0.48 

13.66 

0.989 

99.91 

36.7 

146.5 

985A 

121 

12.2 

789 

2.00 

0.359 2260 

2830 

24.4 

0.974 

0.59 

0.073 7.482 

0.222 

60.1 

7.1 

1.5 

9.6 

4 

11.5 

4.77 

0.59 

13.74 

0.941 

99.73 

36.1 

146.5 

986B 

121 

12.7 

789 

1.99 

0.356 2260 

2850 

24.43 

0.974 

0.59 

0.072 7.4% 

0.221 

60.3 

7.1 

1.5 

9.6 

4.2 

3.5 

4.81 

0.24 

13.74 

0.955 

99.92 

36.1 

148.1 

987A 

122 

12.1 

790 

2.00 

0.36 2270 

2830 

24.38 

0.972 

0.514 

0.137 7.416 

0.221 

60.1 

7.2 

1.6 

9.8 

3.9 

10.7 

4.83 

0.48 

13.64 

0.949 

99.75 

35.6 

143.9 

988A 

122 

11.6 

791 

1.99 

0.357 2260 

2840 

24.42 

0.978 

0.517 

0.138 7.479 

0.221 

60.3 

7.1 

1.6 

9.7 

3.9 

10.7 

4.83 

0.48 

13.73 

0.965 

99.75 

35.8 

145.2 

989B 

122 

12.1 

791 

1.99 

0.358 2260 

2840 

24.41 

0.977 

0.517 

0.138 7.463 

0.221 

60.2 

7.1 

1.6 

9.8 

4.1 

3.4 

4.7 

0.48 

13.85 

0.96 

99.92 

35.8 

143.7 

991A 

118 

13.2 

830 

1.77 

0.361 2320 

3160 

25.29 

0.872 

0.581 

0.382 7.162 

0.221 

43.9 

5.9 

1.5 

8.3 

3.2 

5.4 

5.37 

0.36 

12.9 

0.926 

99.87 

42.3 

153.5 

992A 

118 

13.7 

830 

2.00 

0.408 2480 

2870 

24.39 

0.719 

0.668 

0.44 7.118 

0.248 

44.5 

6.1 

1.4 

8.3 

3.1 

7.6 

5.36 

0.24 

13 

0.934 

99.82 

42.7 

154.2 

993A 

119 

13.1 

827 

2.00 

0.407 2480 

2870 

24.4 

0.643 

0.722 

0.468 7.154 

0.249 

44.6 

6.1 

1.4 

8.4 

3 

7.2 

5.45 

0.47 

12.98 

0.932 

99.83 

42.4 

153 

994B 

119 

13 

827 

2.00 

0.408 2480 

2870 

24.39 

0.643 

0.719 

0.468 7.14 

0.249 

44.6 

6.1 

1.4 

8.4 

3.4 

1.5 

5.58 

0.47 

12.68 

0.94 

99.96 

42.3 

152.7 

1002 A 

123 

16.1 

783 

1.98 

0.358 2260 

2850 

24.45 

0.386 

1.117 

0.134 7.434 

0.221 

59.3 

7.2 

1.5 

9.7 

3.4 

25.7 

4.34 

0 

13.8 

1.101 

99.4 

35.4 

148.2 

1003 A 

122 

16.6 

783 

1.97 

0.357 2250 

2860 

24.49 

0.389 

1.119 

0.135 7.431 

0.22 

58.9 

7.1 

1.5 

9.6 

3.3 

22.7 

4.33 

0 

13.8 

0.8% 

99.47 

35.7 

149.7 

1004B 

123 

16.7 

783 

1.97 

0.357 2250 

2860 

24.49 

0.39 

1.126 

0.135 7.472 

0.221 

59 

7.1 

1.5 

9.6 

3.7 

9.1 

4.59 

0.28 

13.38 

0.894 

99.78 

35.6 

150.5 

1005C 

120 

17.2 

782 

1.98 

0.359 2260 

2850 

24.47 

0.39 

1.122 

0.135 7.434 

0.221 

58.7 

7 

1.5 

9.4 

3.8 

3 

4.78 

0.35 

13.26 

0.941 

99.93 

36.4 

154.1 

1007A 

119 

22.5 

784 

1.99 

0.355 2250 

2840 

24.43 

0.389 

0.978 

0.257 7.472 

0.22 

61 

7 

1.4 

9.3 

3.7 

7.4 

4.77 

0.49 

13.65 

0.98 

99.83 

36.3 

164.2 

1008B 

119 

22.4 

784 

1.99 

0.356 2250 

2840 

24.44 

0.391 

0.979 

0.257 7.458 

0.22 

60.6 

7 

1.4 

9.3 

3.8 

6.8 

4.72 

0.3 

13.75 

0.96 

99.84 

36.3 

164.1 

1011A 

119 

23.2 

784 

1.99 

0.356 2250 

2840 

24.43 

0.389 

0.622 

0.616 7.458 

0.22 

60.5 

7 

1.4 

9.3 

2.8 

3.3 

5.39 

0.16 

13.09 

0.947 

99.92 

36.4 

165.9 
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Table 3: (Concluded.) 


Rdg 

P rb 

A P 'lA T'l 


<t>ov *4* 

T * 

V 


w t 

"o 

Wj w q 

w f * 



NO CO 

co 2 

UHC 

0 2 FARR T| 1 

^ref,rb 

'refjb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g/kg-fg/kg-f % 

ppm 

% 


% 

ft/s 

ft/s 

1013B 

120 

22.6 

783 

1.99 

0.356 2250 

2840 

24.42 

0.389 

0.619 

0.616 7.458 

0.22 

60.8 

7.1 

1.4 

9.4 

2.8 

1.9 

5.34 

1.06 

13.57 

1.063 

99.95 

36 

163 

1014B 

120 

22.6 

783 

2.00 

0.358 2260 

2830 

24.39 

0.389 

0.619 

0.616 7.458 

0.221 

60.8 

7.1 

1.4 

9.4 

2.7 

1.9 

5.38 

1.06 

13.56 

1.029 

99.95 

36 

163.4 

1015C 

120 

22.3 

784 

2.00 

0.359 2260 

2820 

24.38 

0.389 

0.619 

0.615 7.428 

0.221 

60.5 

7.1 

1.4 

9.4 

3.1 

1.2 

5.09 

1.09 

13.89 

1.03 

99.97 

36 

162.4 

1017A 

120 

22.4 

785 

1.99 

0.358 2260 

2840 

24.43 

0.39 

1.064 

0.181 7.455 

0.221 

60 

7 

1.4 

9.3 

3.3 

4.4 

5.14 

0.24 

13.31 

0.983 

99.9 

36.3 

163 

1018B 

120 

22.5 

783 

1.99 

0.358 2260 

2830 

24.41 

0.389 

1.063 

0.181 7.455 

0.222 

60.1 

7 

1.4 

9.3 

3 

2.5 

5.63 

0.36 

12.68 

1.016 

99.94 

36.2 

163.1 

1019C 

120 

22.4 

784 

1.99 

0.359 2260 

2830 

24.41 

0.391 

1.065 

0.181 7.458 

0.222 

59.8 

7 

1.4 

9.3 

3.5 

1.7 

5.07 

0.24 

13.41 

1.105 

99.% 

36.3 

162.8 

1021A 

120 

22.6 

783 

2.00 

0.358 2260 

2830 

24.4 

0.389 

1.111 

0.134 7.485 

0.222 

60.5 

7 

1.4 

9.4 

2.9 

1.9 

5.68 

0.36 

12.58 

1.002 

99.95 

36.2 

162.7 

1022B 

119 

22.9 

783 

2.00 

0.359 2260 

2830 

24.4 

0.391 

1.11 

0.134 7.472 

0.222 

60.2 

7 

1.4 

9.3 

3.1 

3 

5.33 

0.36 

13.19 

1.118 

99.93 

36.5 

164.8 

1023C 

120 

22.6 

783 

2.00 

0.358 2260 

2830 

24.41 

0.391 

1.113 

0.134 7.485 

0.222 

60.3 

7 

1.4 

9.3 

3.4 

1.4 

5.09 

0.01 

13.51 

1.046 

99.97 

36.3 

163.4 

1025A 

121 

23.4 

791 

1.98 

0.355 2250 

2850 

24.45 

0.77 

0.725 

0.135 7.485 

0.22 

60.6 

7.1 

1.4 

9.4 

3.5 

5.4 

4.76 

0.36 

13.27 

1.009 

99.87 

36 

162.8 

1026 A 

123 

24.7 

791 

1.98 

0.355 2250 

2850 

24.45 

0.768 

0.727 

0.135 7.472 

0.22 

60.4 

7.2 

1.4 

9.5 

3.5 

7 

4.5 

1.23 

13.59 

0.978 

99.83 

35.4 

162.7 

1027B 

122 

24.6 

791 

1.99 

0.356 2260 

2850 

24.44 

0.768 

0.725 

0.134 7.458 

0.22 

60.4 

7.1 

1.4 

9.5 

3.4 

5.7 

4.68 

1.21 

13.37 

0.926 

99.86 

35.7 

163.6 

1028C 

122 

24.5 

791 

1.99 

0.355 2250 

2850 

24.44 

0.768 

0.725 

0.135 7.485 

0.22 

60.8 

7.1 

1.4 

9.5 

3.7 

1.7 

4.81 

1.19 

13.16 

0.962 

99% 

35.7 

163.9 

1030 A 

123 

24.6 

791 

1.98 

0.356 2260 

2850 

24.45 

0.77 

0.77 

0.092 7.445 

0.22 

59.8 

7.2 

1.4 

9.5 

3.3 

4 

4.86 

1.28 

13.16 

0.984 

99.9 

35.5 

161.9 

1031B 

122 

25 

790 

1.98 

0.357 2260 

2850 

24.45 

0.77 

0.767 

0.092 7.431 

0.22 

59.7 

7.1 

1.4 

9.4 

3.4 

3.4 

4.79 

1.23 

13.36 

0.991 

99.92 

35.7 

164 

1033C 

122 

25.1 

791 

1.99 

0.357 2260 

2850 

24.43 

0.772 

0.769 

0.092 7.477 

0.221 

60.2 

7.1 

1.4 

9.4 

3.5 

1.4 

4.8 

1.19 

13.36 

0.973 

99% 

35.8 

164.3 

1036 A 

123 

25.5 

791 

1.99 

0.356 2260 

2850 

24.43 

0.768 

0.676 

0.18 7.458 

0.22 

60.6 

7.2 

1.4 

9.5 

3.4 

5.2 

4.73 

1.7 

13.56 

0.975 

99.87 

35.3 

163.7 

1037B 

122 

25.2 

792 

1.99 

0.356 2260 

2850 

24.43 

0.769 

0.674 

0.18 7.458 

0.22 

60.7 

7.2 

1.4 

9.5 

3.6 

3.7 

4.8 

1.31 

13.45 

0.957 

99.91 

35.6 

163.4 

1038C 

122 

25.6 

792 

1.99 

0.356 2260 

2850 

24.43 

0.769 

0.676 

0.18 7.458 

0.22 

60.5 

7.2 

1.4 

9.5 

3.7 

1.8 

4.79 

1.23 

13.55 

0.971 

99% 

35.7 

164.3 

1040 A 

124 

25.7 

792 

2.00 

0.358 2260 

2830 

24.38 

0.77 

0.429 

0.424 7.458 

0.221 

60.8 

7.3 

1.4 

9.6 

4 

2 

5.21 

1.16 

13.11 

0.96 

99.95 

35.1 

161.4 

1041A 

124 

26.6 

792 

2.00 

0.359 2270 

2830 

24.38 

0.769 

0.429 

0.424 7.442 

0.221 

60.6 

7.3 

1.4 

9.6 

4.1 

2.4 

4.97 

1.21 

13.33 

1.032 

99.94 

35 

163.4 

1042B 

124 

26.4 

792 

2.00 

0.358 2270 

2830 

24.38 

0.768 

0.429 

0.424 7.445 

0.221 

60.8 

7.3 

1.4 

9.6 

4.3 

1 

4.78 

1.14 

13.64 

0.993 

99.97 

35 

162.1 

1044 A 

120 

27.4 

792 

1.99 

0.357 2260 

2840 

24.42 

0.969 

0.553 

0.104 7.453 

0.22 

60.4 

7 

1.3 

9.3 

3.4 

2.9 

5.25 

1.35 

13.01 

0.957 

99.93 

36.3 

171.4 

1045B 

120 

27.7 

792 

2.00 

0.359 2270 

2840 

24.4 

0.97 

0.552 

0.104 7.431 

0.221 

60.1 

7 

1.3 

9.2 

3.5 

3.7 

5.03 

1.26 

13.33 

1.043 

99.91 

36.3 

171.7 

1046C 

120 

27.8 

792 

1.99 

0.356 2260 

2850 

24.43 

0.969 

0.551 

0.104 7.445 

0.22 

60.4 

7 

1.3 

9.3 

3.8 

2.2 

4.8 

1.19 

13.74 

1.006 

99.95 

36.2 

172.1 

1048 A 

120 

28.3 

793 

1.99 

0.358 2270 

2850 

24.42 

0.972 

0.517 

0.141 7.445 

0.221 

59.9 

7 

1.3 

9.2 

3.4 

3.4 

5.14 

1.16 

13.12 

0.952 

99.92 

36.4 

173.2 

1049B 

124 

25.9 

793 

1.99 

0.356 2260 

2850 

24.44 

0.969 

0.517 

0.141 7.445 

0.22 

60.1 

7.3 

1.4 

9.6 

3.7 

3.9 

4.91 

1.16 

13.53 

1.031 

99.91 

35.1 

162.1 

1050C 

123 

25.8 

793 

2.06 

0.358 2270 

2770 

24.2 

0.971 

0.459 

0.142 7.453 

0.22 

65.2 

7.5 

1.4 

9.9 

3.9 

2.4 

4.83 

1.23 

13.73 

0.976 

99.94 

34.3 

162.1 

1052 A 

120 

28.1 

793 

2.00 

0.36 2270 

2830 

24.39 

0.968 

0.332 

0.331 7.431 

0.222 

59.7 

7 

1.3 

9.2 

5 

3.2 

5.34 

1.11 

13 

0.95 

99.92 

36.4 

173.2 

1053A 

120 

27.9 

793 

2.00 

0.36 2270 

2830 

24.38 

0.967 

0.332 

0.331 7.431 

0.222 

59.8 

7 

1.3 

9.2 

5.1 

3.2 

5.28 

1.14 

12.91 

1.05 

99.92 

36.4 

172 

1054B 

120 

28.2 

792 

2.00 

0.36 2270 

2830 

24.39 

0.968 

0.332 

0.331 7.44 

0.222 

59.9 

7 

1.3 

9.2 

5.2 

3.9 

5.04 

1.19 

13.32 

1.047 

99.91 

36.4 

172.5 

1055B 

120 

27.8 

792 

2.00 

0.361 2280 

2830 

24.39 

0.968 

0.333 

0.33 7.417 

0.222 

59.5 

7 

1.3 

9.2 

5.6 

4.1 

4.6 

1.21 

13.38 

0.996 

99.9 

36.4 

171.7 

1056C 

120 

27.9 

793 

2.00 

0.36 2270 

2840 

24.39 

0.97 

0.333 

0.33 7.431 

0.222 

59.6 

7 

1.3 

9.2 

5.4 

2.8 

4.86 

1.19 

13.73 

0.936 

99.93 

36.5 

172.4 


*Fuel flow (W f ) through the Textron nozzle is total. In Rdgs. 948-994, about 60% of the fuel flow through the outer fuel passage. The outer passage was blocked 
for Rdgs. 999-1056. 

tThe outer airflow, W 0? shown above is W 0 + W m 
^Estimated 
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Table 4. RQL combustion parametric data with Parker nozzle. 


Rdg 


AP34 

h 


<fc,v r 4 * 

T * 
1 rt> 



w 0 

Wi w q 

Wf 


X* Xh X*, NO x 

CO 

co 2 

UHC 

O, FARR Tj 

^ref,ib 

^ref,lb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms g/kg-fg/kg-f % 

ppm 

% 


% 

ft/s 

fUs 

764A 

119 

11.4 

821 

2.00 

0.41 2480 

2860 

24.38 

0.405 

0.722 

0.709 7.151 

0.25 

44.6 

6.1 

1.4 

8.4 

3.3 

13.6 

2.97 

0.13 

13.09 

1.388 

99.68 

42.3 

150 

765B 

119 

12 

820 

2.01 

0.411 2480 

2850 

24.34 

0.407 

0.722 

0.71 7.17 

0.252 

44.7 

6.1 

1.4 

8.4 

3.4 

2.2 

3.61 

0.48 

12.31 

0.614 

99.95 

42.3 

151.5 

766C 

119 

11.6 

819 

2.01 

0.41 2480 

2850 

24.37 

0.408 

0.725 

0.709 7.17 

0.251 

44.5 

6.1 

1.4 

8.4 

4.9 

0.5 

4.04 

0 

12.06 

0.738 

99.99 

42.4 

150.2 

767A 

123 

13 

828 

1.99 

0.402 2460 

2880 

24.42 

0.799 

0.502 

0.567 7.397 

0.253 

45.9 

6.2 

1.4 

8.5 

3.4 

11.5 

4 

0 

13.25 

0.824 

99.73 

41.8 

152.1 

768B 

120 

12.4 

831 

1.95 

0.398 2450 

2930 

24.56 

0.784 

0.491 

0.554 7.154 

0.243 

44.7 

6.1 

1.4 

8.5 

3.7 

2.5 

4.02 

0 

12.72 

0.779 

99.94 

42 

150.6 

769C 

118 

11.8 

832 

2.06 

0.422 2530 

2800 

24.19 

0.778 

0.487 

0.549 7.052 

0.254 

44.6 

6.2 

1.4 

8.4 

4.3 

0.5 

4.78 

1.17 

12.48 

0.756 

99.99 

42.7 

150.2 

770A 

117 

12.4 

823 

2.03 

0.417 2500 

2830 

24.3 

0.402 

0.488 

0.914 6.973 

0.249 

44.1 

6.2 

1.4 

8.4 

2.6 

11.7 

4.29 

0.6 

13.72 

0.868 

99.72 

42.4 

150.9 

77 IB 

117 

12.6 

825 

2.03 

0.415 2500 

2840 

24.3 

0.403 

0.489 

0.913 7.012 

0.249 

44.6 

6.2 

1.4 

8.4 

2.8 

2.1 

4.63 

0.48 

13.26 

0.765 

99.95 

42.5 

151.8 

772C 

116 

12 

827 

2.00 

0.419 2520 

2870 

24.39 

0.406 

0.493 

0.922 6.868 

0.247 

41.9 

6 

1.4 

8.2 

3.2 

0.5 

4.99 

0.24 

13.26 

0.814 

99.99 

43.2 

151.2 

773A 

148 

7.37 

821 

2.02 

0.417 2500 

2840 

24.32 

0.376 

0.666 

0.659 6.555 

0.234 

43.7 

8.3 

2 

11.4 

3.3 

3.8 

4.64 

0.01 

14.2 

0.858 

99.91 

31.5 

106 

774B 

151 

7.76 

817 

2.03 

0.412 2480 

2830 

24.31 

0.379 

0.671 

0.664 6.714 

0.236 

45.2 

8.4 

2 

11.6 

3.6 

1.1 

4.67 

0.13 

13.86 

0.792 

99.97 

31.1 

105.7 

776C 

148 

7.66 

820 

2.05 

0.422 2520 

2800 

24.22 

0.378 

0.665 

0.657 6.568 

0.237 

44.1 

8.3 

2 

11.5 

4 

0.4 

4.93 

0.13 

13.41 

0.789 

99.99 

31.5 

105.3 

778 A 

152 

16.4 

823 

1.97 

0.399 2440 

2910 

24.51 

0.498 

0.885 

0.877 8.879 

0.302 

45.2 

6.3 

1.5 

8.7 

2.9 

9.7 

4.65 

0.01 

14.56 

0.884 

99.77 

40.7 

147.4 

779B 

151 

15.9 

825 

2.03 

0.412 2490 

2830 

24.29 

0.495 

0.882 

0.872 8.826 

0.311 

45.4 

6.4 

1.4 

8.7 

3.3 

2.1 

4.63 

0 

13.77 

0.781 

99.95 

41 

147.9 

785A 

122 

10.2 

598 

2.01 

0.482 2500 

2630 

24.36 

0.817 

0.522 

0.561 6.014 

0.26 

25.9 

6.5 

1.7 

9 

2.4 

23.5 

5.44 

1.17 

11.9 

0.689 

99.44 

35.2 

104.6 

786B 

121 

10.5 

595 

2.00 

0.481 2500 

2630 

24.38 

0.818 

0.524 

0.561 6.02 

0.259 

25.8 

6.5 

1.6 

8.9 

2.9 

2.8 

5.74 

0.7 

11.48 

0.845 

99.93 

35.5 

105.4 

788A 

121 

10.3 

591 

2.00 

0.479 2490 

2630 

24.39 

0.417 

0.749 

0.739 6.054 

0.259 

26.1 

6.5 

1.6 

8.9 

2 

25.5 

5.41 

1.05 

11.99 

0.888 

99.4 

35.4 

105.7 

789B 

121 

9.19 

590 

2.00 

0.479 2480 

2640 

24.4 

0.416 

0.75 

0.737 6.039 

0.258 

25.9 

6.5 

1.7 

9 

2.7 

3.3 

5.69 

0.82 

11.44 

0.842 

99.92 

35.3 

103.5 

790C 

121 

10.2 

591 

2.00 

0.479 2480 

2630 

24.39 

0.415 

0.75 

0.738 6.057 

0.259 

26.1 

6.5 

1.6 

9 

3.1 

0.5 

6.07 

1.05 

10.9 

0.887 

99.99 

35.3 

105.6 

793A 

122 

4.59 

587 

1.99 

0.48 2490 

2640 

24.42 

0.276 

0.506 

0.501 4.042 

0.174 

25.6 

9.7 

2.6 

13.6 

2.4 

65.7 

5.03 

5.93 

11.75 

0.94 

98.44 

23.6 

66.3 

795B 

118 

3.93 

588 

1.99 

0.479 2480 

2640 

24.43 

0.276 

0.505 

0.501 4.042 

0.174 

25.6 

9.3 

2.5 

13.2 

3.6 

1.7 

5.76 

0.82 

11.9 

0.824 

99.% 

24.3 

68.1 

796A 

151 

3.98 

586 

2.00 

0.48 2490 

2630 

24.39 

0.355 

0.63 

0.617 5.073 

0.218 

25.8 

9.6 

2.6 

13.5 

3.1 

56 

5.88 

4.27 

11.56 

0.869 

98.67 

23.7 

66.5 

797B 

150 

3.72 

589 

2.01 

0.484 2500 

2620 

24.36 

0.354 

0.629 

0.617 5.044 

0.219 

25.6 

9.6 

2.6 

13.5 

4.2 

1.8 

5.9 

0.82 

11.79 

0.901 

99.% 

23.9 

66.4 

798A 

81.9 

12.9 

588 

2.01 

0.482 2490 

2630 

24.38 

0.382 

0.678 

0.66 5.437 

0.235 

25.7 

4.8 

1.1 

6.6 

1.4 

80.6 

5.66 

2.09 

11.92 

0.882 

98.1 

47.1 

151.9 

799B 

81.3 

14.1 

590 

2.01 

0.483 2500 

2620 

24.36 

0.383 

0.678 

0.66 5.434 

0.235 

25.7 

4.8 

1.1 

6.5 

1.4 

10.3 

5.93 

0.7 

11.84 

0.872 

99.76 

47.6 

156.1 

801 A 

79.7 

6.89 

587 

2.01 

0.494 2530 

2620 

24.36 

0.295 

0.518 

0.506 4.049 

0.18 

24.3 

6.2 

1.6 

8.5 

1.6 

76.6 

5.67 

3.01 

12.01 

0.865 

98.19 

37 

107.8 

802B 

79.6 

6.44 

585 

1.98 

0.487 2510 

2650 

24.46 

0.295 

0.517 

0.503 4.037 

0.177 

24.2 

6.1 

1.6 

8.6 

2 

4.9 

5.81 

0.36 

12.09 

0.862 

99.88 

36.9 

107.1 

803A 

119 

9.62 

588 

2.00 

0.431 2320 

2640 

24.41 

0.372 

0.673 

0.666 6.219 

0.232 

34 

7.1 

1.7 

9.8 

2.2 

32.1 

4.93 

0.59 

13.58 

0.966 

99.24 

32.2 

106.1 

804B 

119 

9.11 

588 

2.00 

0.431 2320 

2630 

24.4 

0.371 

0.674 

0.666 6.226 

0.233 

34.1 

7.1 

1.7 

9.8 

2.6 

6.3 

5.23 

0.36 

13.18 

0.819 

99.85 

32.2 

106.2 

813A 

121 

7.26 

819 

2.00 

0.412 2480 

2870 

24.4 

0.312 

0.531 

0.541 5.333 

0.188 

43.6 

8.3 

2 

11.5 

3.4 

7.1 

5.02 

11.23 

12.85 

0.9 

99.81 

31.3 

106.1 

814B 

119 

7.22 

819 

1.99 

0.412 2480 

2870 

24.41 

0.313 

0.532 

0.541 5.333 

0.188 

43.5 

8.1 

2 

11.3 

3.7 

1.3 

5.35 

5.33 

12.33 

0.891 

99.% 

31.9 

108 

819A 

122 

5.09 

819 

1.99 

0.451 2620 

2870 

24.41 

0.297 

0.533 

0.531 4.659 

0.185 

34.4 

8.5 

2.2 

11.9 

3.7 

5.7 

5.63 

3.24 

12.2 

0.867 

99.86 

30.5 

92.6 

820B 

123 

5.14 

818 

2.00 

0.453 2630 

2860 

24.38 

0.298 

0.534 

0.531 4.666 

0.186 

34.5 

8.5 

2.2 

12 

4.1 

0.8 

6.39 

2.41 

11.73 

0.896 

99.98 

30.3 

91.9 

822A 

121 

4.38 

818 

2.03 

0.518 2840 

2820 

24.29 

0.2% 

0.536 

0.534 3.987 

0.189 

25.2 

8.4 

2.3 

11.8 

3.6 

9.9 

6.74 

1.95 

11.13 

0.861 

99.76 

30.9 

82.3 

823B 

120 

4.69 

818 

2.02 

0.516 2840 

2830 

24.31 

0.295 

0.536 

0.534 3.991 

0.188 

25.2 

8.4 

2.3 

11.7 

4.7 

1.1 

6.71 

1.96 

10.67 

0.918 

99.97 

31.2 

83.1 

825A 

123 

8.87 

821 

1.99 

0.51 2820 

2870 

24.42 

0.399 

0.72 

0.708 5.312 

0.248 

24.8 

6.4 

1.7 

8.9 

3.1 

7.7 

6.72 

1.61 

11.51 

0.945 

99.82 

40.7 

112.7 

826B 

123 

9.09 

822 

2.00 

0.511 2830 

2870 

24.4 

0.399 

0.72 

0.709 5.312 

0.248 

24.8 

6.4 

1.7 

8.9 

3.8 

1.2 

7.03 

1.72 

11 

0.908 

99.97 

40.8 

112.8 

828A 

121 

11.5 

824 

2.00 

0.454 2640 

2860 

24.38 

0.397 

0.714 

0.712 6.223 

0.249 

34.3 

6.3 

1.5 

8.6 

2.8 

8.7 

5.91 

1.97 

12.64 

1.07 

99.79 

41.4 

132.1 

829A 

121 

11.6 

824 

2.00 

0.454 2630 

2860 

24.38 

0.398 

0.714 

0.711 6.223 

0.249 

34.3 

6.3 

1.5 

8.6 

3.3 

1.4 

6.23 

1.39 

12.22 

0.902 

99.97 

41.4 

132.1 

831 A 

150 

7.56 

821 

2.00 

0.448 2610 

2870 

24.4 

0.374 

0.664 

0.658 5.87 

0.23 

35.2 

8.4 

2.1 

11.7 

4 

4.4 

5.51 

1.63 

12.88 

0.%1 

99.89 

31 

95.1 

832B 

150 

6.82 

822 

2.00 

0.45 2620 

2860 

24.38 

0.373 

0.664 

0.657 5.848 

0.231 

35.1 

8.4 

2.2 

11.7 

4.2 

0.7 

6.43 

1.39 

12.39 

0.862 

99.98 

31 

94.2 
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Table 4. (Continued.) 


Rdg 

psia 

ap 34 

h 

4b 

<t»ov T 4 * 

T ^ 

V 


^0 





Tib T*iv 

NO. 

CO 

co 2 

UHC 

0 2 FARR T) 

^ref,rb 

^ref.lb 


psi 

°F 

°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g/kg-fg/kg-f % 

PPm 

% 


% 

ft/s 

lt/s 

834A 

154 

5.6 

821 

1.98 

0.507 2810 

2880 

24.45 

0.374 

0.669 

0.661 4.968 

0.23 

24.9 

8.5 

2.4 

12 

4.3 

6.1 

6.88 

1.61 

11.58 

0.857 

99.85 

30.3 

80.4 

83SB 

150 

5.95 

824 

2.03 

0.518 2850 

2840 

24.3 

0.375 

0.668 

0.661 4.959 

0.235 

25 

8.4 

2.3 

11.7 

5.3 

1 

6.73 

1.5 

11.22 

0.904 

99.97 

31.2 

83.3 

838A 

149 

9.28 

915 

2.00 

0.39 2500 

2950 

24.38 

0.349 

0.622 

0.613 6.565 

0.216 

52.9 

8.7 

2 

12 

4.1 

3.6 

5.2 

1.17 

14.06 

1.206 

99.91 

31.3 

112.5 

839B 

151 

9.08 

916 

2.00 

0.39 2500 

2960 

24.39 

0.35 

0.625 

0.613 6.565 

0.216 

52.7 

8.8 

2.1 

12.1 

4.8 

0.8 

5.09 

0.82 

13.79 

0.908 

99.98 

30.9 

111 

841A 

152 

6.9 

917 

1.99 

0.452 2720 

2970 

24.41 

0.35 

0.627 

0.619 5.45 

0.217 

35.9 

8.7 

2.3 

12.2 

4.9 

3.2 

5.73 

0.59 

12.95 

0.781 

99.92 

30.9 

94 

842B 

153 

6.22 

918 

1.99 

0.451 2720 

2970 

24.42 

0.351 

0.627 

0.618 5.446 

0.216 

35.8 

8.8 

2.3 

12.3 

5.6 

0.5 

5.99 

0.7 

12.54 

0.877 

99.99 

30.7 

92.7 

844A 

150 

5.95 

918 

2.01 

0.488 2840 

2950 

24.36 

0.353 

0.633 

0.621 5.014 

0.22 

30 

8.6 

2.3 

12 

5.2 

5.4 

6.3 

0.7 

12.12 

0.849 

99.87 

31.6 

89 

845B 

153 

5.52 

916 

2.02 

0.487 2840 

2940 

24.34 

0.348 

0.627 

0.614 4.984 

0.218 

30.3 

8.9 

2.4 

12.5 

5.7 

0.7 

7.07 

0.58 

11.65 

0.893 

99.98 

30.6 

85.8 

847A 

124 

L3.5 

916 

2.02 

0.392 2510 

2940 

24.33 

0.365 

0.653 

0.643 6.891 

0.228 

53 

6.9 

1.5 

9.4 

3.2 

8.7 

5.02 

0.36 

14.66 

1.207 

99.79 

39.5 

149.2 

848B 

125 

13.2 

913 

2.00 

0.388 2490 

2960 

24.4 

0.368 

0.662 

0.652 6.977 

0.228 

52.9 

6.8 

1.5 

9.3 

3.8 

1.8 

4.93 

0.36 

14.58 

0.868 

99.96 

39.5 

150.8 

849A 

121 

L0.4 

917 

2.01 

0.454 2730 

2950 

24.36 

0.37 

0.662 

0.651 5.767 

0.23 

36.2 

6.6 

1.6 

9.1 

3.8 

3.7 

5.57 

0.47 

13.82 

0.734 

99.91 

41 

130.1 

850B 

120 

9.81 

919 

2.02 

0.456 2730 

2940 

24.33 

0.368 

0.659 

0.649 5.749 

0.23 

36.3 

6.6 

1.6 

9.1 

4.1 

0.7 

5.89 

0.24 

13.21 

0.82 

99.98 

41.2 

131 

852A 

123 

3.4 

917 

2.00 

0.481 2820 

2960 

24.4 

0.367 

0.664 

0.654 5.315 

0.229 

30.6 

6.7 

1.7 

9.3 

4.2 

3.6 

5.49 

0.24 

13.36 

0.826 

99.91 

40.3 

118.9 

853B 

122 

9.18 

916 

2.00 

0.483 2820 

2960 

24.39 

0.369 

0.665 

0.653 5.307 

0.23 

30.4 

6.7 

1.7 

9.2 

4.6 

0.6 

6.06 

0.47 

12.62 

0.784 

99.98 

40.7 

119.9 

855A 

151 

7.57 

969 

2.04 

0.381 2520 

2970 

24.27 

0.312 

0.558 

0.553 6.19 

0.197 

59.9 

9.7 

2.2 

13.3 

5.1 

2.6 

4.66 

0.59 

15.09 

1.091 

99.94 

28.9 

106.3 

856B 

151 

7.92 

972 

1.98 

0.371 2490 

3040 

24.47 

0.314 

0.561 

0.555 6.207 

0.193 

59.4 

9.5 

2.2 

13.2 

5.3 

0.6 

5.03 

0.13 

14.66 

0.846 

99.99 

29 

106.8 

858A 

150 

6.21 

975 

2.00 

0.425 2680 

3010 

24.38 

0.319 

0.558 

0.556 5.332 

0.195 

43.7 

9.5 

2.4 

13.2 

6.1 

1.4 

4.92 

0.36 

14.29 

0.792 

99.97 

29.3 

94.7 

859B 

149 

6.9 

969 

1.99 

0.422 2670 

3020 

24.41 

0.316 

0.559 

0.557 5.329 

0.194 

43.7 

9.4 

2.3 

13.1 

6.1 

0.3 

5.22 

0.47 

13.87 

0.798 

99.99 

29.4 

95.8 

861A 

151 

5.17 

971 

2.01 

0.465 2820 

3000 

24.36 

0.313 

0.555 

0.554 4.719 

0.194 

34.8 

9.6 

2.5 

13.5 

6.5 

1.3 

5.45 

0.82 

13.55 

0.769 

99.97 

28.8 

84.6 

862B 

150 

5.79 

972 

1.99 

0.461 2810 

3030 

24.44 

0.318 

0.559 

0.559 4.75 

0.194 

34.6 

9.4 

2.5 

13.3 

6.7 

0.4 

5.82 

0.13 

13.03 

0.809 

99.99 

29.3 

85.9 

864A 

121 

6.73 

972 

2.02 

0.469 2830 

2990 

24.33 

0.316 

0.558 

0.557 4.726 

0.197 

34.5 

7.7 

2 

10.7 

5.1 

2.3 

5.38 

0.24 

13.66 

0.847 

99.95 

36.3 

109 

865B 

122 

6.55 

971 

2.01 

0.467 2820 

3000 

24.35 

0.317 

0.56 

0.56 4.757 

0.197 

34.7 

7.7 

2 

10.7 

5.4 

0.5 

5.83 

0.47 

13.03 

0.789 

99.99 

36.1 

108.6 

866A 

121 

8.41 

969 

2.02 

0.429 2690 

2990 

24.32 

0.315 

0.555 

0.556 5.293 

0.196 

43.5 

7.7 

1.9 

10.6 

4.9 

2.5 

4.98 

0.59 

14.28 

0.928 

99.94 

36.1 

119.7 

867B 

120 

8.16 

975 

2.02 

0.43 2700 

2990 

24.31 

0.315 

0.557 

0.556 5.292 

0.1% 

43.4 

7.6 

1.8 

10.5 

4.9 

0.5 

5.38 

0.47 

13.85 

0.792 

99.99 

36.6 

120.2 

869A 

81.2 

14.2 

973 

2.02 

0.429 2700 

2990 

24.33 

0.315 

0.559 

0.558 5.298 

0.1% 

43.3 

5.1 

1.1 

6.9 

2.1 

12 

4.9 

0.36 

14.3 

0.85 

99.72 

54.1 

201.9 

870B 

79.9 

14.7 

973 

2.08 

0.441 2740 

2920 

24.14 

0.312 

0.55 

0.551 5.234 

0.2 

43.7 

5.2 

1.1 

6.9 

2.3 

2.1 

5.32 

0.59 

13.66 

0.765 

99.95 

54.4 

205.3 

875A 

153 

4.87 

590 

1.90 

0.499 2550 

2750 

24.75 

0.372 

0.659 

0.65 4.717 

0.217 

20 

9.1 

2.7 

13 

3.2 

17.3 

6.56 

2.98 

12.18 

0.732 

99.59 

24.5 

63.5 

876B 

149 

5.59 

590 

2.01 

0.523 2630 

2620 

24.36 

0.355 

0.626 

0.619 4.538 

0.218 

20.7 

9.5 

2.6 

13.4 

3.9 

0.9 

6.91 

0.81 

11.39 

0.851 

99.98 

24.1 

62.6 

878A 

152 

4.54 

591 

2.02 

0.575 2800 

2610 

24.31 

0.342 

0.625 

0.623 4.013 

0.219 

16.5 

9.8 

2.8 

13.8 

3.3 

27.3 

6.75 

4.12 

11.6 

0.823 

99.35 

23.6 

55.7 

879B 

154 

3.23 

590 

2.01 

0.563 2760 

2620 

24.37 

0.343 

0.621 

0.623 4.073 

0.217 

17 

9.9 

2.9 

14 

4.5 

1.5 

7.61 

0.24 

10.48 

0.827 

99.97 

23.2 

55.1 

883A 

81.4 

9.51 

592 

2.02 

0.571 2790 

2610 

24.33 

0.371 

0.672 

0.658 4.309 

0.234 

16.6 

4.9 

1.3 

6.7 

1.3 

68.6 

6.45 

6.76 

11.73 

0.907 

98.38 

47.1 

122.6 

884B 

79.6 

10.9 

595 

2.02 

0.572 2800 

2620 

24.33 

0.373 

0.668 

0.656 4.293 

0.233 

16.6 

4.8 

1.2 

6.5 

1.7 

9.4 

7.33 

0.12 

10.51 

0.798 

99.78 

48.2 

128.1 

886A 

80.4 

12.9 

593 

2.03 

0.526 2650 

2600 

24.29 

0.37 

0.668 

0.655 4.836 

0.234 

21.2 

4.9 

1.2 

6.6 

1.2 

60.8 

6.01 

2.77 

12.34 

0.967 

98.56 

47.5 

142.3 

887B 

81 

13 

5% 

2.03 

0.526 2650 

2610 

24.3 

0.368 

0.663 

0.651 4.808 

0.232 

21.3 

4.9 

1.2 

6.6 

1.6 

6.1 

6.73 

0.47 

11.41 

0.809 

99.85 

47 

140.6 

891A 

145 

7.21 

1025 

2.02 

0.37 2540 

3050 

24.34 

0.307 

0.529 

0.528 6.075 

0.187 

63.8 

9.5 

2.2 

13.1 

6.6 

2 

4.6 

3.51 

13.29 

1.263 

99.94 

29.9 

112.5 

892A 

144 

6.96 

1036 

2.02 

0.371 2560 

3050 

24.32 

0.306 

0.528 

0.527 6.049 

0.187 

64.4 

9.4 

2.1 

13 

6.6 

2 

4.59 

1.53 

13.29 

0.912 

99.95 

30.3 

114.1 

896A 

145 

6.18 

1057 

2.00 

0.371 2580 

3100 

24.4 

0.304 

0.54 

0.528 6.024 

0.186 

63.1 

9.3 

2.2 

12.9 

7.9 

2.5 

4.14 

1.48 

13.64 

0.912 

99.94 

30.7 

113.7 

897B 

145 

5.58 

1057 

2.00 

0.371 2580 

3100 

24.39 

0.303 

0.54 

0.528 6.024 

0.186 

63.3 

9.3 

2.2 

13 

7.9 

0.5 

4.56 

1.42 

13.39 

0.836 

99.98 

30.7 

112.8 

899A 

145 

6.62 

1067 

2.03 

0.459 2890 

3070 

24.27 

0.36 

0.655 

0.656 5.739 

0.231 

38.6 

7.7 

1.9 

10.7 

8.4 

2.6 

5.54 

0.94 

12.21 

0.73 

99.94 

37.7 

114.3 

900B 

147 

6.8 

1067 

2.04 

0.459 2900 

3070 

24.27 

0.361 

0.655 

0.654 5.735 

0.231 

38.9 

7.8 

2 

10.8 

8.6 

0.6 

5.68 

0.82 

12.2 

0.874 

99.98 

37.2 

113.7 

901A 

151 

7.57 

1047 

1.98 

0.368 2560 

3110 

24.46 

0.34 

0.612 

0.6 6.801 

0.209 

62.5 

8.6 

2 

11.9 

7.1 

3.4 

4.45 

0.71 

14.07 

1.108 

99.92 

33.1 

123.1 
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Table 4. (Concluded.) 


Rdg 

i »* 

ap 34 

h 


<t>ov V 

T 

V 



w w 

rr i f q 

w f 



NO. CO 

co 2 

UHC 

0 2 FARR 11 1 

'refjib 

'refjb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g / kg - fg / kg-f % 

ppm 

% 


% 

ft/s 

ft/s 

902 B 

152 

7.67 

1046 

2.00 

0.369 2560 

3090 

24.41 

0.34 

0.612 

0.601 6.845 

0.211 

63.4 

8.7 

2 

12 

1A 0.6 

4.57 

0.94 

13.96 

0.864 

99.98 

32.9 

123.8 

903 A 

150 

9.17 

1039 

2.01 

0.405 2680 

3080 

24.38 

0.369 

0.662 

0.663 6.695 

0.231 

50.7 

7.9 

1.9 

10.9 

7.9 2.6 

5.26 

0.71 

13.29 

0.806 

99.94 

36.2 
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0.87 
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0.517 2610 

2890 

25.19 

0.468 

0.845 

0.823 5.266 
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1.60 
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0.526 2640 
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0.57 

1.021 
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0.264 

8.3 

4.4 
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6.8 

3.9 0.5 
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1.73 

11.44 
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99.98 

46.4 

92.8 

930 A 

122 

4.93 

591 

2.18 

0.517 2610 
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23.81 

0.382 

0.691 
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0.26 
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12.26 
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32.7 
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93 IB 
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2.18 

0.519 2620 
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0.678 5.626 
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1.8 
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32.6 

92.9 

932 A 
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4.08 

819 

2.01 

0.457 2640 

2850 

24.35 

0.332 

0.592 

0.592 5.155 
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34 

7.5 

1.9 

10.5 

5.8 2.5 

4.89 

1.29 

13.63 

0.966 

99.94 

34.6 

103.5 

933 B 
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3.29 

821 

2.00 

0.455 2640 

2860 

24.39 

0.331 

0.592 

0.594 5.151 

0.206 

33.9 

7.5 

2 

10.5 

6.8 0.4 

5.33 

1.05 

13 

0.762 

99.99 

34.6 

102.7 

934 A 

121 

4.25 

822 

1.81 

0.453 2630 

3110 

25.14 

0.368 

0.661 

0.653 5.012 

0.206 

25.7 

6.6 

2 

9.6 

5.4 2.1 

4.98 

1.06 

13.43 

0.833 

99.95 

37.7 

103.1 

935 B 

120 

4.36 

821 

1.80 

0.452 2630 

3110 

25.17 

0.368 

0.661 

0.656 5.016 

0.206 

25.6 

6.5 

2 

9.5 

5.7 0.4 

5.28 

1.05 

13.01 

0.784 

99.99 

38 

103.1 

936 A 

121 

4.11 

825 

1.60 

0.45 2620 

3380 

26.05 

0.408 

0.738 

0.728 4.787 

0.204 

18.6 

5.8 

2 

8.6 

4.5 1.8 

5.17 

0.82 

13.12 

0.833 

99.96 

41.5 

102.7 

937 B 

122 

4.12 

826 

1.59 

0.448 2610 

3400 

26.09 

0.409 

0.739 

0.731 4.807 

0.204 

18.6 

5.8 

2 

8.7 

5 0.3 

5.45 

0.71 

12.79 

0.823 

99.99 

41.3 

102.3 

938 A 

147 

6.04 

829 

2.01 

0.511 2830 

2860 

24.37 

0.496 

0.884 

0.876 6.61 

0.308 

25.2 

6.2 

1.7 

8.7 

6.2 1.8 

5.29 

1.28 

13.01 

0.756 

99.% 

42.3 

113.5 

939 B 

147 

6.01 

826 

2.00 

0.508 2820 

2870 

24.41 

0.496 

0.885 

0.88 6.615 

0.307 

25.1 

6.1 

1.7 

8.6 

7.1 0.4 

5.73 

1.51 

12.38 

0.739 

99.99 

42.3 

113.4 

940 A 

151 

6.99 

827 

2.00 

0.458 2650 

2880 

24.41 

0.496 

0.883 

0.882 7.599 

0.307 

33.2 

6.3 

1.6 

8.8 

6.7 3.4 

4.59 

0.71 

14.15 

0.887 

99.92 

41.2 

123.5 

942 B 

152 

6.94 

826 

1.99 

0.457 2650 

2880 

24.42 

0.496 

0.887 

0.883 7.602 

0.307 

33.1 

6.3 

1.6 

8.9 

7.7 0.4 

5.43 

0.71 

12.99 

0.709 

99.99 

41 

122.6 

945 A 

125 

3.25 

834 

1.59 

0.592 3100 

3410 

26.08 

0.517 

0.91 

0.908 3.945 

0.253 

8.1 

4.8 

1.9 

7.3 

5.9 3.2 

7.32 

0.69 

10.04 

0.645 

99.92 

50.5 

93.4 

946 B 

126 

3.12 

829 

1.59 

0.591 3090 

3400 

26.1 

0.518 

0.912 

0.912 3.96 

0.253 

8.1 

4.8 

1.9 

7.4 

7.5 0.8 

7.24 

0.58 

10.24 

0.878 

99.98 

50 

92.6 


^Estimated. 
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Table 5. Selected RQL Combustor Smoke Number Performance Data 


Rdg 


ap 34 

h 

6* 

<t>ov T 4 

r* 



w 0 

wi 


w f 

j 

% 


NO, 

o 

o 

co 2 

UHC 

o 2 

Smoke r| 

^ref,rb 

^ref.lb 


psia 

psi 

°F 


°F 

°F 

g/mol lbm/s 

lbm/s lbm/s lbm/s lbm/s 

ms 

ms 

ms 

g/kg-fg/kg-f % 

ppm 

% 

number % 

ft/s 

ft/s 


7 14 A 

83 

0.56 

828 

2.01 

0.512 2830 

2860 

24.37 

0.425 

0.21 

0.083 

2.099 

0.098 

67.8 

11 

3.1 

16.5 


6.5 

6.91 

53.88 

10.66 

40 

99.75 

23.7 

61.2 

717C 

80 

1 

828 

2.00 

0.511 2830 

2880 

24.41 

0.427 

0.21 

0.083 

2.093 

0.098 

67.9 

10.5 

3.1 

15.9 

8 

0.6 

7.29 

10.6 

10.76 

7 

99.97 

24.7 

61.8 

719B 

80 

1 

829 

2.00 

0.514 2840 

2870 

24.38 

0.427 

0.209 

0.084 

2.087 

0.098 

67.5 

10.5 

3.1 

15.9 

7.3 

7.2 

7.56 

8.04 

10.41 

6.9 

99.82 

24.8 

61.1 

730C 

80 

1 

824 

1.99 

0.446 2610 

2880 

24.43 

0.391 

0.242 

0.268 

3.116 

0.122 

95.7 

8.4 

2.3 

12.7 

4.3 

0.6 

6.3 

5.39 

12.66 

3.6 

99.98 

30.8 

89.6 

732B 

80 

0.94 

826 

2.01 

0.452 2630 

2850 

24.35 

0.388 

0.24 

0.267 

3.086 

0.122 

95.7 

8.5 

2.3 

12.7 

4 

1.4 

5.49 

5.1 

13.51 

4.1 

99.96 

30.7 

90.2 

741C 

79 

5.11 

827 

2.00 

0.449 2620 

2870 

24.40 

0.521 

0.327 

0.355 

4.151 

0.163 

95.1 

6.2 

1.6 

9.1 

0.3 

0.6 

6.37 

3.56 

12.66 

0 

99.98 

42.1 

130.7 

756A 

81 

*53 

828 

1.99 

0.402 2460 

2880 

24.41 

0.556 

0.251 

0.104 

3.611 

0.124 

46 

8.3 

2 

11.6 

0 

? 

0 

0 

0 

20 


31.1 

106.3 

757B 

80 

3.49 

827 

2.00 

0.403 2460 

2870 

24.41 

0.559 

0.251 

0.104 

3.618 

0.124 

46 

8.3 

2 

11.6 

0.9 

? 

0 

0 

0 

9.8 


31.4 

106.1 

758C 

81 

3.34 

830 

1.97 

0.401 2460 

2910 

24.50 

0.566 

0.255 

0.105 

3.622 

0.124 

44.9 

8.2 

2 

11.5 

1 

? 

0 

0 

0 

7 


31.6 

105.9 

759A 

121 

11.90 

826 

2.02 

0.414 2500 

2850 

24.33 

0.779 

0.489 

0.551 

7.045 

0.25 

44 

6.3 

1.4 

8.6 

2.6 

9.3 

0 

0 


16.3 

99.94 

41.4 

146.6 

760B 

121 

11.80 

826 

2.00 

0.411 2490 

2870 

24.39 

0.779 

0.49 

0.551 

7.045 

0.248 

43.9 

6.3 

1.5 

8.6 

16.3 

2.1 




10.7 


41.4 

145.3 

762C 

120 

11.40 

832 

2.03 

0.416 2510 

2840 

24.29 

0.768 

0.484 

0.545 

6.977 

0.248 

44.4 

6.3 

1.5 

8.7 

3.6 

0.5 




7.3 


41.5 

145.8 

894C 

148 

6.74 

1044 

2.01 

0.357 2510 

3080 

24.36 

0.306 

0.525 

0.526 

6.282 

0.185 

69.5 

9.7 

2.2 

13.4 



4.36 

1.88 

13.61 

0.1 

99.94 

29.5 

113.7 

899C 

145 

6.62 

1067 

2.03 

0.459 2890 

3070 

24.27 

0.36 

0.655 

0.656 

5.739 

0.231 

38.6 

7.7 

1.9 

10.7 



5.54 

0.94 

12.21 

2.6 

99.94 

37.7 

114.3 

902C 

152 

7.67 

1046 

2.00 

0.369 2560 

3090 

24.41 

0.34 

0.612 

0.601 

6.845 

0.211 

63.4 

8.7 

2 

12 



4.57 

0.94 

13.96 

1.8 

99.98 

32.9 

123.8 


Editor’s note: There was no mention in the original draft concerning the quick-mix section geometry during the smoke number tests. 
However, since these readings preceeded chronologically and partially overlapped the data in Table 4, the geoetry is assumed to be the 
same as that in Table 4. 




NAS A/TM— 200 1-211107 


N> 

O 


Gas sample and 
thermocouple 
flanges 


Water- 

cooled 

fuel-plate 


Hydrogen- 
fueled torch 


Water 

quench 

section 



Fuel- 

nozzls 

assembly 


Rich-burn 
section 
6-in. ID 
8-in. long 
<h b =1.2to2.0 
7-max=3300 °F 


20 ° 

contraction 


Quick-mix 
section 
4-in. ID 
5-in. long 


Lean-burn 
section 
7-in. ID 
24-in. long 
^0.35 to 0.6 
7max = 3500 °F 


Figure 1. Cut-away drawing of RQL combustor test rig with instrumentation locations. 
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Figure 2. Schematic diagram of RQL rig flow controls. 


NASA/TM— 2001-21 1 107 


21 







Fuel 



Figure 4. Conceptual sketch of Textron fuel nozzle cross-section. 
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Figure 5. RQL combustor non-burning nozzle flow pressure drop fractions versus respective flow 
parameters. Test dates are shown with corresponding symbols. The shaded symbols were for 
Textron nozzle; the rest were done with the Parker nozzle. The effective discharge areas are listed in 
Table l. 


NASA/TM— 2001-21 1 107 


24 







% ‘Fool 


O 

o 



Figure 6. Effect of Parker nozzle individual air circuit on emissions measured by probe A. 
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Figure 11. Effect of Textron nozzle air and fuel circuits on emissions measured by probe C. 
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Figure 12. Variation of EI(NO x ) with T^. 
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Figure 13. Variation of EI(CO) with 
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Figure 18. Variation of EI(NO x ) with V re f c 
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Figure 19. Variation of EI(CO) with V re f c 
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Figure 20. Variation of EI(NO x ) with rich-bum zone equivalence ratio. 
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Figure 21. Variation of EI(CO) with rich-bum zone equivalence ratio. 
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Figure 22. RQL combustor NO x emission data at HSR conditions. 
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Figure 23. Gas-sampled fuel-to-air ratio versus metered fuel-to-air ratio for tests with Parker nozzle. 
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Smoke Number Emission Indices 



Smoke Number 


Figure 24. RQL combustor EI(NO x ) and EI(CO) versus smoke number. 
r 4 =2500 °, r 3 =840 °F, P 4 =120 psia, <^=2.0. 
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Figure 25. RQL combustor smoke number versus lean-bum residence time. <tVb=2-0 
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